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MEETINGS OF THE SECTIONS. 


NEW YORK SECTION. 


The regular meeting was called to order December 6th, 1895, 
at 8.25, Prof. P. T. Austen in the chair. There were about 
sixty members present. 

The chairman opened the meeting with the statement that Dr. 
Webb, the President of the College of the City of New York, 
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and Prof. R. Ogden Doremus, had put the chemical lecture room 
of the college at the disposal of the society ; and in his opinion 
it was the most satisfactory and most favorably situated of any 
that had yet been considered. He then introduced Prof. Dore- 
mus, who said that he was as much surprised as any one at the 
success of the society’s request, as he had been under the im- 
pression that there was something in the charter of the college 
which prevented such use of the room. He remarked that the 
laboratory was now, since the destruction of the University 
building, the oldest educational chemical laboratory in the city. 

He hoped the society would find it suitable to their purpose 
and assured it of the heartiest welcome. 

The minutes were then read and the remarks of Prof. McMur- 
trie in regard to Illinois waters, as reported, were corrected, and 
the minutes adopted. Prof. McMurtrie moved that the thanks 
ot the Section be sent to President Webb and Dr. Doremus for 
their courtesy in giving the Section the use of the lecture room. 
The motion was seconded and carried. 

A letter addressed to the chairman from the Secretary of the 
English Society of Chemical Industry was then read, thanking 
the New York Section and the Lehigh Valley Section of the 
American Chemical Society, and the New York Section of the 
Society of Chemical Industry for the honor done to the President 
of their Society, Mr. Thos. Tyrer, and the Hon. Foreign Secre- 
tary, Mr. Ludwig Mond, on the occasion of their recent visit to 
New York. 

The letter was ordered on file. 

Prof. Moale read a paper entitled ‘‘ A Brief History of Naph- 
thalene,’’ in which the work of the earliest investigators of this 
interesting substance as well as those in recent years, was re- 
viewed. 

Mr. Neiman was called upon by the chairman and gave his 
experiences in attempting to make naphthalene synthetically, 
for the purpose of deciding its theoretical constitution. 

He stated that the decomposition of certain amido-naphthol- 
. sulpho-acids having a tendency to show that the position of the 
double bonds in the naphthalene ring are not symmetrical, 
attempts were made to disprove this by the synthetic production 
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of naphthalene from ortho-xylene tetrabromide and ethane. By 
passing ethane over a heated mixture of granulated pumice 
stone and ortho-xylene tetrabromide, a portion of naphthalene 
was formed, but circumstances prevented the further investiga- 
tion in this line. This formation would seem to show that the 
central bond is adouble one, and the formula a symmetrical one 
as far as the bonds are concerned. 

The second paper of the evening, on ‘‘ Vegetable Proteids,”’ 
was read by the author, Dr. T. B. Osborne. 

Mr. Hewitt asked if a ten per cent. solution of sodium hy- 
droxide would extract all the proteids or only one, or only a few. 

Dr. Osborne replied that all the proteids would dissolve. 

Mr. Hewitt had extracted the white bean in large quantities, 
agitating the bean flour in dilute alkali by machinery, and had 
obtained a clear solution which filtered readily. 

Mr. Hewett asked if there was any difference in the product 
on repeated precipitations. Dr. Osborne replied, ‘‘ No, not if 
they are pure.”’ 

Prof. Speyers said that the most interesting point to him was 
the solubility of the glutinoids in a mixture of alcohol and 
water, when it appeared that they were insoluble in either water 
or alcohol alone. 

Dr. Osborne thinks there may be a hydrate formed by taking 
up water from the dilute alcohol, and this hydrate then dis- 
solves. 

Dr. Smith said that no one who had not worked in this diffi- 
cult subject could appreciate the value of Dr. Osborne’s work, 
and especially the classification which had been made of the 
compounds. 

Mr. Hewitt suggested a method of separating the proteids by 
availing of the different behavior of solutions of different osmotic 
pressures, and described experiments in which he had used mem- 
branes prepared with gelatine treated with formaline, which he 
found more satisfactory than potassium bichromate or tannin for 
making the gelatine insoluble. He had also found that the re- 
sults differed when bichromate or tannin were used. 

Prof. Austen asked if the vegetable proteids are entirely dif- 














(5) 


ferent from the animal, and if there is any classification of the 
latter. 

Dr. Osborne said that superficially they were quite similar, 
but closer study revealed marked differences. Nearly all 
authors of physiological chemistries give classifications for these 
proteids, but that most of these authority differ to a greater or 
less extent from one another. The most comprehensive classi- 
fication of the animal proteids that he had seen was that given by 
Prof. Chittenden in his Cartwright lectures for 1894. 

Mr. J. H. Wainwright read a paper on the ‘‘ Determination of 
Solid Fats in Artificial Mixtures of Vegetable and Animal 
Fats.’’ He said that the problem was to make analyses of mix- 
tures of solid fats and vegetable oils, as cottonseed-oil, lard, and 
oleostearin which might be classed as compound lards, of 
which ‘‘ cottolene’’ was an example; the chief object being to 
ascertain the percentage of oleostearin. 

In simple mixture as cottonseed-oil and stearin, the analy- 
sis can be readily made by determining the constants of the fat, 
iodine number, ete. But in a compound lard containing lard 
itself, the determination of constants gives very little satisfaction, 
owing to the confusing effect of the lard. Experiments were 
made on special mixtures with the result of proving that under 
pressure at ordinary temperatures both cottonseed-oil and lard 
are removed, leaving the stearin. 

At temperatures much above 75° F. or much below 70° F. the 
error was considerable, but within these limits he had obtained 
results differing not more than a half per cent. from the correct 
figure. Until the method was further perfected, he allowed a 
plus or minus error of one and a half per cent. 

CINCINNATI SECTION. 

The regular meeting of this section was held on Tuesday 
evening, December 17, 1895, Dr. Alfred Springer presiding. 

Prof. ‘T’. H. Norton spoke of the loss sustained by the section 
in the death of Chauncey R. Stuntz, professor of physics and 
chemistry at Woodward High School, and moved that Messrs. 
F. Hornburg, E. Twitchell, S. P. Kramer, and H. B. Foote, all 
former students of the deceased,be appointed a committee to 
draft resolutions of respect. Prof. Stuntz was one of the bes 
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known educators in the Ohio Valley and one of the organizers 
of the chemical society of Cincinnati and vicinity, which after- 
ward became the Cincinnati Section of the American Chemical 
Society. He was elected chairman for 1893, and his earnest 
work in behalf of the Section was highly appreciated by all the 
members. 

Prof. J. U. Lloyd read a paper on ‘“‘ Percolation’’ and gave a 
practical demonstration of packing the percolator. 

The committee appointed to nominate officers for the Section 
for 1896 reported the following ticket : 

President, E. Twitchell. 

Vice Presidents, Prof. O. W. Martin and Chas. G. Merrill. 

Treasurer, H. B. Foote. 

Secretary, E. C. Wallace. 

Directors, Dr. S. P. Kramer, Dr. S. Waldhott, Dr. John Mc- 
Crae. 

On motion the secretary was instructed to cast the ballot of 
the Section in favor of the above ticket. 
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ON THE DETERMINATION OF CARBON DIOXIDE BY AB- 
SORPTION. 


By H. HEIDENHAIN, 


Received October 19, 1895. 
F all the methods for the determination of carbon dioxide 
C) the absorption method is the most reliable and most cor- 
rect. It is, however, not easy to obtain good results with an 
absorption apparatus. The inexperienced generally get varying 
results; after some practice the results become uniform, but 
either always too high or too low. The application of a corres- 
ponding correction may be used with advantage in such cases, 
but one must admit that this is a makeshift only. As long as 
the causes of the excesses or shortages are unknown, the influ- 
ence of such causes cannot be estimated, and therefore one is 
always uncertain whether the applied correction actually com- 
pensates the error. 

I therefore decided to seek the causes. If I could not remove 
them, I would at least measure their influence. The correction 
which was so far found by merely empirical methods could then 
be calculated from the obtained data. Thus the method would 
be brought beyond dispute, at least from the scientific stand- 
point. 

The method and the apparatus which I shall discuss in the 
following are those described by Fresinius.’ Before going into 
details, I may briefly remind the reader of them. The carbon 


1 Quant. Anal. I, page 449, and II, page 308. 
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dioxide is developed by boiling with a dilute acid. A mixture of 
carbon dioxide, air and water vapor is generated, from which the 
latter is removed first. From the remaining gas mixture car- 
bon dioxide is absorbed. These operations are performed by a 
current of air free from carbon dioxide. Consequently the appa- 
ratus has to provide for 

(1) an air purifying device, 

(2) a developing apparatus, 

(3) a drying apparatus, 

(4) an absorption apparatus, 

(5) an aspirator. - 

Each of these parts must do its work perfectly, if good results 
are to be obtained. This can be easily accomplished as to the 
air purifying and the drying apparatus by making them amply 
large. The evolution flask can be rather small with substances 
which do not foam, but with foaming substances like baking 
powder the size of the flask must be chosen according to the 
practical requirements. For our work a capacity of 300 cc. is 
sufficient. 

The absorption apparatus occasions some difficulty. Its size 
is limited by the capacity of the arlalytical scale. We use J- 
tubes filled with soda-lime and calcium chloride as recom- 
mended by Fresenius. My experience is that these tubes con- 
tain generally too little calcium chloride, whereby losses are 
caused. Soda-lime loses some moisture in acurrent of air dried 
by calcium chloride. In order to retain the moisture a consider- 
able length of calcium chloride must be provided at the end of 
the second |J- tube. Fresenius prepares both tubes alike and 
exchanges them after the first use in order to have the fresher 
filling in front the second time. J do not think that this is the 
best plan. My opinion is that each tube has to serve a particu- 
lar purpose, and should consequently have a special outfit. In 
the first tube carbon dioxide is to be absorbed and therefore it 
must be filled mainly with soda-lime. The second tube has to 
answer two different requirements. Firstly it has to act asa 
safety tube tocatchany residue of carbon dioxide not absorbed in 
the first tube. It is considered that these traces naturally are 
in a highly dilute state, it seems indispensable that in order to 
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retain them with safety a powerful absorbent must be employed, 
in other words, a fresh filling. Secondly it has to absorb the 
moisture which during the operation has been given off by the 
soda-lime in both tubes. This can be attained only if the cur- 
rent of air passes a rather long column of calcium chloride before 
leaving the tube. To meet these requirements the second tube 
is filled half with soda-lime and half with calcium chloride. 

As already mentioned, the first absorption tube receives 
mainly a filling of soda-lime. Only at the end at which the 
current of air enters a laver of calcium chloride is provided in 
order to absorb any moisture which may rise from the soda-lime 
in this direction. 

This manner of filling the two absorption tubes has proved 
very satisfactory. Experience teaches very soon how much 
carbon dioxide can be absorbed by the first tube with safety and 
how often the filling must be renewed. We found that with our 
soda-lime twenty grams of filling can take up one gram of car- 
bon dioxide. The filling of the second tube, which consists of 
about ten grams of soda-lime and ten grams of calcium chloride, 
needs renewing but seldom. As we work its weight increases 
at each determination very constantly by about five milligrams, 
whether the quantity of carbon dioxide be large or small or a 
blank determination be made. This proves that the small 
increase is caused entirely or almost entirely by moisture. When 
after repeated use the total increase amounts to about two-tenths 
gram it is observed that the increase diminishes and at the same 
time the results arelow. Therefore we renew the filling as soon 
as the total increase amounts to one-tenth gram. 

The aspirator is another part to which in my opinion not 
enough attention is paid. As will be shown later in this article, 
the aspirator must allow a perfect regulation of the air current 
and must show the quantity of air used. Both are easily 
attained by employing a Mariotte’s bottle. 

As to the manner in which the method is to be carried out, the 
following points seem to be worth noting. It is evident that the 
current of air must not exceed a certain rapidity if the absorp- 
tion is to be complete in all parts of the apparatus. As the 
absorption of carbon dioxide by soda-lime takes place according 
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to general experience very easily and quickly, there is practic- 
ally no danger of loss. Long columns of calcium chloride in 
the drying tubes secure proper absorption of moisture in this 
part. Itremains only to make the absorption of moisture in the 
second weighed tube perfect. In my opinion it is impossible to 
give on this point any definite rules which can be followed in all 
cases. On the contrary the maximum rapidity admissible must 
be found by experiments, not only for each apparatus but also 
for each new lot of absorbents, as especially the commercial soda- 
lime has a varying content of moisture. 

In order to find the allowable rapidity of the air-current one 
may proceed practically as follows: The apparatus is charged 
exactly as for an analysis except that the carbonate is left out ; 
in other words, a blank experiment is made. The aspiration is 
started with a rapidity of fifty cubic centimeters per minute. 
After two liters of air have passed it is interrupted. If the 
absorption tubes show a loss in weight the experiment must be 
repeated with less rapidity, say forty cc. per minute, and in this 
manner must be continued until the weight of the tubes is con- 
stant. If the work has been done with due precaution it will 
now be found that the first tube has lost just as much as the 
second has gained. If this is not the case it is a sure indication 
that the result is due to a compensation of errors. 

The ascertained maximum of rapidity of the air-current must 
not be exceeded in determinations; a slower rate is unobjec- 
tionable. It may be mentioned here that the calcium chloride 
in the second tube must be of the same quality as that in the 
drying apparatus, which is also evident from the remarks made 
by Fresenius.' 

Further it is manifest that a certain quantity of air must be 
aspirated in order to transfer all carbon dioxide from the evolu- 
tion flask and the drying apparatus to the absorption tubes. 
The common directions on this point, as for instance two air- 
bubbles a second for half an hour, and similar rules, are too 
indefinite, and in fact do not suffice. On the contrary the 
required quantity of air must be determined for each apparatus. 
This is done simply by liberating about a half gram carbon 


1 Quant. Anal., 1, 72. 
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dioxide in the evolution flask, aspirating a certain quantity of 
air, for instance one-half liter, weighing the tubes and repeat- 
ing the aspiration until the weight of the tubes remains con- 
stant. As a precautionary measure some addition is to be 
made to the minimum thus found. 

In order to regulate the current of air and to keep it constant 
some skill is required. The aspirator must not be put in opera- 
tion before the air in the apparatus comes to equilibrium, which 
generally is the case after the liquid in the evolution flask has 
boiled a few minutes. The flame is then reduced just far 
enough to keep the liquid slightly boiling. Now the aspirator 
is connected and the water allowed to run off until it comes toa 
standstill. Now is the time to open the cock between the evolu- 
tion flask and the air purifying apparatus. Immediately the 
outflow from the aspirator starts and becomes constant after a 
few seconds. By aid of watch and measuring cylinder the speed 
is soon regulated. 

We make ita rule to aspirate with but half the allowable 
rapidity until the main quantity of carbon dioxide is absorbed, 
z. e., until the soda-lime tube has recooled : from then to the end 
of the operation the full speed is used. It may be said that in 
our work these speeds are respectively ten cc. and twenty cc. 
per minute. 

The flame remains burning during the whole time of aspira- 
tion. Ifthe flame were extinguished the air in the evolution 
flask would cool and contract, making a regulation of the air- 
cuirent impossible. 

Another point often overlooked is the presence of carbon 
dioxide in distilled water and laboratory air. There is too much in 
both to neglect. The whole apparatus, including the evolution 
flask, must be filled with air free from carbon dioxide and the dis- 
tilled water must be freed from it by boiling with a little acid. 
In pouring the water into the evolution flask air must not be 
allowed to enter. 

Finally, corrections for changes of temperature and air-pressure 
are indispensable, as the tubes and their contents occupy a 
rather large volume. 

In regard to accuracy of our results little remains to be 
desired. Blank determinations give a gain or loss of not more 
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than two-tenths mg., and determinations of carbon dioxide in 
clear crystals of Iceland spar give, ifone gram is employed, 
results which vary from 44.01 to 43.96 per cent. The explana- 
tion for these slight variations may be found partly in the inex- 
actness of the weighings, of which four must be made for every 
determination, and partly in the quantity of moisture condensed 
on the surface of the tubes, which varies according to the mois- 
ture in the surrounding air. 

It may be well to append a sketch of the apparatus as modi- 
fied by me. Great care has been taken to draw all parts in 
proper proportion. The ratio is 1: 12. 

Some explanations in regard to details may follow : 

a. Air-purifying cylinder, filled with soda-lime. At the top 
is cotton to keep back soda-lime dust. 

6. Cock to regulate the air-current. , 

c. Capillary tube to offer resistance to the air current in case 
cock 6 is opened too far. 

d. Funnel tube, closed at the bottom by a perforated rubber 
stopper into which 

e. A glass tube is fitted. This arrangement, in connection 
with cock 4, is a substitute fora three-way cock, but has the 
advantage that the regulating part, 7. ¢., ‘‘ 6’’ does not become 
wet and is not exposed to heat. 

f. Evolution flask. 

g. Cooler. Consists of a glass tube around which a lead pipe 
is wound. It was adopted by us on account of varying water 
pressure. It stands sudden changes of pressure very well. 

h. Drying tube filled with coarse calcium chloride. 

7. A little pumice stone prepared with copper sulphate. 

k. Drying tube filled with fine carcium chloride. 

/, Cock to close drying apparatus when not in use. 

mand x. Absorption tubes, filled as described above. They 
are put in a glass case to protect them from dust. The connec- 
tions are made by perforated rubber stoppers. 

o. Guard tube, containing calcium chloride and soda-lime. 

p. Indicator tube. 

rv. Safety bottle, to receive water which may be sucked back from 

s. The aspirator. 







































































IMPROVED APPARATUS FOR CARBON DIOXIDE. 








THE NATURAL OXYCELLULOSES. 
By C. F. Cross, E. J. BEVAN AND C. BEADLE. 
Received October 10, 1895 

N a previous short communication’ we dealt with a controver- 
sial point which had arisen in regard to the constitution of 

the furfural-yielding constituents of plant-tissues. What there 
has been at issue between de Chalmot and ourselves in this 
matter, is at least clearly stated, and we have been engaged in 
accumulating experimental material as a further contribution to 
the solution of an important question in the chemistry of tissue- 
formation, which cannot usefully be further discussed a prior?. 

In this investigation we have been ably assisted by our friend 
Mr. Claude Smith, who has carried out the whole of the labora- 
tory work, and Dr. Voelcker, the well known chemist of the 
Royal Agricultural Society, who has kindly cooperated with us 
in placing his laboratory at our disposal and supplying material 
for the investigation. 

In the first instance we have traced the history of selected 
crops of barley, in relation to the elaboration of ‘‘ furfuroids,’’ to 
use a convenient short description of these characteristic furfural- 
yielding constituents. 

The crops selected were grown upon two of the experimental 
plots of the Royal Agricultural Society’s station at Woburn, 
(England) : 

Plot 1 representing a soil permanently unmanured and grow- 
ing barley continuously. 

Plot 6° on the other hand is manured with the maximum of 
fertilizers and gives continously the maximum yield of straw 
and grain. 

These plots represent therefore the extreme conditions of 
growth, unfavorable and favorable. 

The plants were harvested at intervals of one month and 
investigated according to the stibjoined scheme : 

(1) The ‘‘ total furfural,’’ obtained by ‘‘ distilling’’ the entire 
plants with hydrochloric acid, was determined. 

(2) The plants were treated for the elimination of pentosans 


1 This Journal, 17, 286. 
2 Manured with potassium, sodium and magnesium sulphates, calcium superphos- 
phate and sodium nitrate. 
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and generally, of constituents not belonging to ‘‘ permanent 
tissue,’’ as follows : 

(a) Exhaustive treatment with boiling alcohol ; (4) Digestion 
in alkaline solution of one and one-half per cent. sodium hy- 
droxide for some hours, followed by washing, first cold, lastly 
at the boiling temperature ; (c) Digestion in dilute one and one- 
half per cent. hydrochloric acid for some hours, followed as be- 
fore, by cold and hot washings. The product of these treat- 
ments may be taken as fairly representing the cellular tissue of 
the plant /ess the cell-contents, and may be described as perma- 
nent tissue. This description we admit is somewhat arbitrary, 
but it will be conceded that the residue from the treatments 
above described its free from pentosans and all the more readily 
hydrolyzable constituents of the growing plant. 

It is not necessary to reproduce minutely the experimental 
details of the investigation. It is sufficient to state that the 
results were in all cases controlled by duplicate experiments. 





a = ve Furfural from permanent 
= v i tissue. 
"4 2 , Se 32 Per cent 
° Ff AMS 2S 
. BS ae #2 : 
‘ 8 ai gr 2% gs 8 
z So 2 on Fe OB 2. 
A < Py a3 us ye s 2) & 
{2 19.4 7.0 53-4 12.7 68 4.03: 1 
May 7 6 weeks < / ve 5 ae 
i (6 14.7 7.0 55-9 12.4 58 1.2071 
{I 17.6 79 52.9 1.6 6.2 » 3.2653 
une 10 weeks < ; ne , > 7 
J 4 (6 13.5 8.1 58.5 13.4 7.8 ¥.0§:1 
{I 42.0 9.0 65.7 9-8 6.4 1.40: 1 
uly 10 15 weeks ‘ 
July I (6 32.9 10.6 65.7 12.5 8.2% 1.3051 
fr 64.0 I1.9 70.0 14.5 I0.1I Py ee 
August 21 21 weeks : S Se 
August I 6 64.6 13.4 70.5 15.0 10.6 1.26: 1 
August 31! 22 weeks fi 84.0 12.6 75.0 16.5 12.4 1.02:.3 
3 days L6 86.4 12.4 78.4 ie 28 1.6532 


With regard to the distribution of the furfuroids in the plant 
the following determinations were made in specimens taken from 
plot 6, on July 18, the crop being sixteen weeks old : 


Whole plant (moist). Whole plant (dry) 
Per cent. Per cent. 
SEEMS s+ cccvesesvececadepuccesies 50.0 41.7 
LOGVORs ccccscces cemaecemains Pore 15.3 19.6 
TAGE s 6 5 4646 Velcon tae ema eatae 34.6 38.6 


1 The samples taken on August 31st were after the crops were harvested. 
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Furfural in 


Dry Ash, dry Permanent Furfural permanent 
matter. matter. tissue. gross. tissue. 
Percent. Percent. Per cent. P 
Stems «+--+ -seee ees 32.6 4.0 76.6 9.5 12.2 
LOAVES <= 40001000100 50.1 7.0 49-7 12.1 16.0 
Ears -esee sees sees 44.2 7.0 79.0 7.5 9.6 


It appears from these results that the leaves contain a large 
proportion of the easily hydrolyzable furfuroids, ¢. g., pentosans ; 
those of the stems and ears, on the other hand, are for the most 
part inthe more resistant form of tissue-furfuroids. The higher 
proportion of furfuroids in the leaves may be taken as correlated 
with the special assimilating functions and more active oxidiz- 
ing conditions obtaining in these organs, and as indicating that 
furfuroids of lower molecular weight may be assimulated or 
elaborated to permanenttissue. The probability of this must in 
fact be admitted. For although de Chalmot’s experiments' 
contradict the hypothesis that the pentoses are so elaborated, the 
problem as regards oxidized hexose derivative can hardly be 
considered as having been seriously attacked. 

The investigations of these barley plots are being continued 
during the current year, with special attention to the more posi- 
tive indications of the above results. The following are the 
results of the examination of specimens taken on May 15, the 
crop being seven weeks old ; the figures represent percentages ; 


Plot 1. Plot 6. 
Total dry matter ......-seeseseeeee 20.6 17.8 
Ash of dry MATTEL - cccccccccccccccce 13.7 18.0 
Nitrogen of dry matter......+..+..- 3-65 3.87 
Alcoholic extract --++-+++ esse eeeeee 19.0 23.8 
Nitrogen of alcoholic extract ..-..- 2.5 2.8 
Permanent tiSSue ---- +--+ eeeeee cece 53-9 56.7 
Ash of permanent tissue .-.--+-++-- 3.8 4.0 
Nitrogen of permanent tissue -..... 4.2 4.5 


The furfural numbers calculated on the dry ash-free products 
are as follows: 


Furfural in permanent tissue. 


Furfural gross. Per cent. Per cent. 
Per cent. of tissue. of original. Ratio. 
(a) (5) (c) ee 
Plot I ++ +eeeee vee 7.6 10.6 5-50 1.40:1 
Plot 6 «+ --+eeeeeee 7: 10.0 5-44 ey 


1 This Journal, 16, 618. 
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These numbers confirm those of the 1894 crops in their general 
bearings. The season, however, has been so far very different, 
the week preceding the 15th being cloudless with high summer 
temperature, as against a cold wet week in the corresponding 
period of 1894. The higher ratio a : ¢ accords with the higher 
rate of assimilating obtaining under such conditions. 

The more extensive scale of the investigation has reference to 
a more strictly physiological scheme of observation to be made 
at the critical period of growth, vz., flowering, fruiting, and 
ripening of the grain. These numbers lead to the following 
conclusions : 

1. The ‘‘ permanent tissue’’ (cellulose) of the cereals con- 
tains ab initio, a large proportion of oxidized groups, 7. ¢., oxy- 
celluloses. 

2. The furfuroids of the cereals (Haulm) are localized mainly 
in the cell-substance, in the earlier and later stages of growth, 
in fact, almost exclusively. Towards the period of most active 
growth the proportion of tissue furfuroids falls from ninety to 
seventy-five per cent. of the total. 

3. Increasing again during the period of maturation indicates 
that the furfuroids of what may be termed the lower grade are 
assimilated to the more resistant, or cellulose, form. 

4. Extreme variations of the soil-conditions, 7. e., supply of 
inorganic nutrient material—is without effect upon the perma- 
nent tissue in the earlier and later stages of growth, but deter- 
mines some variations of the proportion of tissue furfuroids in 
the intermediate states. 

5. The results show that the composition of the permanent 
tissue is a constant of the plant, and largely independent of the 
particular conditions of cultivation. This latter result is con- 
firmed by the result of a similar investigation of barley straws 
from the Rothamsted Experimental Station. Specimens of the 
fully matured straws grown upon plots selected as showing 
extreme variations of the conditions of cultivation, gave the 
following results : 





} 
' 
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Plot. Furfural in permanent 
Total fur- Permanent tissue 
fural tissue per cent. 
per cent. per cent. of tissue. of straw. 
— tS, 14.5 72.4 15.8 IT.4 
Minimum { U ve 
fertilization. 3.0 15-5 a ae 10.6 
(6. 15.8 72.6 15.8 11.5 
_s 4A4.A.S,. 12.4 76.4 16.2 12.4 
a 4AA. 15.2 80.2 16.0 12.8 
aioe 7. 15.0 82.3 14.1 11.6 


The following are the conditions of fertilization : 

Plots 1. O. and 6,, were unmanured continuously. 

Plot 3. O., manured with sodium, potassium, and magnesium 
sulphates. 

Plot 4 4.A.S., manured with sodium nitrate, sodium silicate, 
calcium superphosphate and sodium potassium, and magnesium 
sulphates. 

Plot 7,, fourteen tons farm-yard manure. 

Plot 4 4.A., potassium, sodium, and magnesium sulphate, cal- 
cium superphospate, and sodium nitrate. 

These results are from an agricultural point of view of nega- 
tive value. It was a@ prior? possible that the composition of the 
permanent tissue would have varied with the prevailing condi- 
tions of assimilation. .Such variations are not discoverable in 
the furfural-constants of the products, which express their most 
characteristic constitutional features. Physiologically, on the 
other hand, the results are of more positive bearing on the pro- 
cesses of assimilation, showing that these are in an important 
sense invariable. 

It might be assumed in a superficial view that this conclusion 
was obvious a prior?, and the experimental verification therefore 
gratuitous. On reflection, however, it will be conceded: (1) 
that we have not long been in possession of quantitative methods 
of diagnosing the constitutional features of the components 
of plant tissues—celluloses, oxycelluloses, lignocelluloses, etc., 
—and (2) that, whatever the probability, the point is not specifi- 
cally dealt with in works in plant-physiology.' 

It is a point which we have dealt with before in regard to the 
typical lignocellulose, the jute fiber. In an investigation of the 

1 The current views on the subject of lignification and thickening of cell walls, imply 


that the permanent tissue in its earliest phases invariably consists of a pure (normal) 
The chemist has to remember that the morphologist attaches no specialized 


cellulose. 
significance to the term cellulose. 
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growth of the plant under the artificial conditions of ‘‘ hot-house 
cultivation,’’ Mr. A. Pearsobtained the bast fiber, showing con- 
siderable divergence on ultimate analysis (C : H : O) from the 
normal Indian product, but with identical constitutional features. 
The low carbon percentage of the product was shown to be due 
to ‘‘dilution’’ by water of hydration ; dehydration had not pro- 
ceeded as far as obtained under the normal conditions of growth ; 
but in all essential respects the quantitative chemical features of 
lignification were unaffected.’ The point istherefore established 
in regard to two main types of tissue-formation. 

Reverting now to the history of tissue-formation in barley plant. 

In reference to the germination process, we commenced obser- 
vations’ upon the earliest stages of tissue-formation in regard to 
the formation and fixation of furfuroids, but, recognizing the 
prior claims of de Chalmot in this field of investigation, we are 
satisfied to leave the subject in such good hands, merely noting 
that we have joined issue with him in regard to the interpreta- 
tion of the furfural-constants. 

De Chalmot has especially investigated the influence of the 
two factors which might be expected to affect the formation and 
elaboration of these furfuroids, véz., (1) light; (2) the supply 
of nitrogen (nitrate). Light was found to be without effect in 
these earlier stages of growth; and with a liberal supply of 
nitrates the amount of furfuroids in the young plants was found 
not to decrease. These results again point to the invariable 
habit of the cell in regard to the formation of tissue. 

We have endeavored to produce a still more drastic variation 
of the conditions of assimilation, as follows: Young plants of 
oats seven weeks old were placed in the following solutions: (a) 
water; (4) dilute nitric acid of 0.25 per cent.; (¢c) of one half 
per cent. : (d) of one percent. The plants withered only gradu- 
ally. Afterabout ten days they were removed, dried and inves- 
tigated. The results are given below : 

Twenty plants before experiment weighed 25.8 grams and contained 
16.7 per cent. dry matter. 

Twenty plants in water (@) weighed 39.0 grams and contained Io.2 pet 
cent. dry matter. 


1 J. Chem. Soc., 1893, 967 ; Cross & Bevan: ‘Cellulose,’ pages 111-113. 
2 Ber. d. chem. Ges., 27, 1061. 
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Twenty plantsin dilute acid (4) weighed 18.0 grams and contained 21.3 
per cent. dry matter. 

Twenty plants in dilute acid (c) weighed 15.0 grams and contained 24.4 
per cent. dry matter. 

Twenty plants in dilute acid (d) weighed 13.0 grams and contained 31.0 
per cent. dry matter. 

From the dry matter the following percentages of furfural were 
obtained : 
(a) (d) (c) (ad) 

8.2 9.2 8.2 8.5 

The uniformity of these numbers is curiously at variance with 
the extreme variations of the conditions of retrograde develop- 
ment, which are apparent from the statistics of the relative 
weights of these plants. 

In a second series of experiments very different results were 
obtained. In this case the plants were taken ata more advanced 
stage of growth—thirteen weeks old. They were placed in water 
and dilute solutions of nitric acid, respectively, as before, remain- 
ing for ten days, when they showed signs of withering. They 
were removed, dried and analyzed for ‘‘ total furfural,’’ with the 
following results : 





Cultivations in water, Dilute nitric acid, 
per cent. per cent. 
0.25 0.50 1.00 
bot a ee 4.6 4.9 5.9 7.8 


These variations determined by artificial treatment may appear 
out of harmony with the invariability of the results obtained in 
the first series. It will be noted, however, that the oats show a 
very different initial proportion of furfuroids, and appear to con- 
tain carbohydrates susceptible of attack by nitric acid. 

The more advanced period of growth (thirteen weeks) at 
which the plants were taken, has been previously shown to be 
one of maximum normal variation of the furfuroids, which is 
consistent with maximum variations under retrograde develop- 
ment, and we may in future experiments follow the indications 
of these observations, that the most active period of growth offers 
the most favorable conditions for the study of variations artifi- 
cially determined. 

The purpose of the present investigations being to accumulate 
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n 


experimental material the observations were extended to pro- 
ducts of widely different origin, life-history, or formation. Sub- 
joined are the numbers obtained with (a) mangels, and (3d) 
goose berries : 

(a2) Long red mangels were taken at intervals from a selected 
field, and the furfural and other constants determined, as follows: 


Furfural 
per- 

whole manent 

Ash of Permanent root tissue 

Average wt. Dry matter dry matter tissue (dry) (dry) 

Date. per root. per cent. percent. percent. per cent. per cent 
June 30 1.5 72:9 II. 25-3 4.1 12.6 
August 6 300.0 II.5 12.0 28.8 4.3 11.4 
October II 1456.0 12:5 7.8 14.9 bY If.4 


The furfural numbers, it will be remarked, are uniform over 
the whole period of growth. The proportion of furfuroids 
moreover is small, and further investigation of this group of 
products from our present point of view is therefore abandoned. 

(6) The berries were examined at an interval of one month, 
with the following results : 


Furfural 
Dry matter Permanenttissue wholefruit permanent tissue 
Date. per cent. per cent. per cent. per cent. 
May 16 9.2 21.5 4.8 7.8 
June 17 9.1 23.5 3.9 y Pe 


These numbers again are devoid of any characteristic such as 
invite further investigation. Other typical products were also 
examined with similar results. So far, therefore, the selection 
of the cereals as the typical case of the elaboration of cellulose- 
tissue with a maximum of furfuroid constituents is justified. 

As we have before indicated it is not the purpose of the pres- 
ent communication to attempt any final conclusions as to the 
bearings of these results upon the general questions of assimila- 
tion and metabolism. We may perhaps again insist on the 
one prominent result of these investigations, which is to estab- 
lish the uniform characteristic and uniform distribution of the 
furfuroids of the cereal straw throughout its substance : 

(1) The entire straw in the matured state is characterized by 
yielding twelve to fifteen per cent. furfural ; and (2) the ‘‘ cellu- 
lose’’ isolated from the straw by the severe handling of the 
paper-maker ; vzz., digestion with caustic lye (two to three per 
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cent. sodium hydroxide) at elevated temperatures (forty to sixty 
pounds steam pressure), is identically characterized, yielding 
twelve to fifteen per cent. furfural on boiling with condensing 
acids. 

This uniformity of distribution and uniformity of resistance to 
alkaline hydrolytic treatment of the widest range, establishes 
the molecular homogeneity of the tissue-substance in regard to 
the relative proportion of furfuroids to normal hexose groups. 
The results of our investigations of the history of the formation 
of the tissue are strictly correlative, and the elaboration of prod- 
ucts of such characteristics must be regarded as an essential 
and primary property of the unit cell, in the same sense that 
alcoholic fermentation is a property of the yeast cell. To 
put it perhaps more directly: the constitution of assimilated 
material in the plant is immediately determined by the molecu- 
lar configuration of the assimilating material. This view has 
been expressly formulated by E. Fischer’ in reference to the 
origin of the carbohydrates in the plant. The more evidence 
we have that the assimilating process remains invariable in its 
products, notwithstanding wide variations in the external con- 
ditions, the more necessary does it become to regard the essen- 
tial directive factors of the process as material, 7. ¢., as residing 
in the material configuration of the cell rather than determined 
by external forces. The results of our investigations contribute 
to the establishment of this view. 

PART II. 
I. THE CONSTITUTION OF THE CEREAL CELLULOSES. 

We have made some progress in the isolation of the ‘‘fur- 
furoid’’ constituents of celluloses. The more important differ- 
ences which they exhibit from the normal celluloses we have 
dealt with in previous papers.’ Although they are not resolved 
bv alkaline hydrolysis we have found certain reagents which 
determine a satisfactorily sharp separation of their furfural- 
yielding component groups. Thus: 

(a) Pure bleached straw-cellulose was treated with sulphuric 
acid at 1.62 specific gravity ; the cellulose dissolves to a nearly 


1 Ber. d. chem. Ges., 27, 3231. 
2 Ber. d. chem. Ges., 27, 1061; C. Smith, J. Chem. Soc., 65, 473- 
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colorless solution. After standing some time (three hours from 
the start) the solution was poured into water. The white 
gelatinous precipitate of cellulose (hydrate) was filtered off and 
exhaustively washed, dried, and weighed. It amounted to 
sixty-four per cent. of the original. The reprecipitated cellu- 
lose and the filtrate were both distilled for elimination of fur- 
fural ; the proportions obtained, calculated on the original cellu- 


lose, were: 
Furfural. 


Per cent. 
Reprecipitated cellulose..... PP CM emer fare Ce 0.6 
Products soluble on dilution -..++ eceeecceeeeccce cee 140 

@ 


The ‘‘furfuroids’’ therefore are hydrolyzed to soluble deriva- 
tives by the process. 

(6) A second specimen was dissolved by heating with a con- 
centrated solution of zinc chloride, the viscous solution poured 
into water, and the precipitate filtered off. Similar deterimina- 


tions were made as in (a), with the following results : 
Furfural (calcu- 
lated on original 
cellulose). 


Per cent. 
Reprecipitated cellulose.....s.e sees cece ceee cece eeeere 0.9 
Product soluble on dilution....... oc cc ce cece cece cccece 10.4 


It is to be noted that furfural is freely formed in the process of 
heating with the concentrated solution of zinc chloride, and 
some quantity is volatilized. The reprecipitated cellulose 
(hydrate) has the characteristic of the normal celluloses. On 
combustion of these products the subjoined numbers were 


obtained : 
Cea cc acne anclocw sina ede ue eee tee 43.00 43-07 
Hydrogen «.-- 0+ .200 see csees twas 7.14 6.99 


corresponding with the formula 3C,H,,O,.H,O. 

The products in solution in the acid liquid would appear to be 
capable of isolation by simple means, v7zz., by neutralizing with 
barium carbonate, filtering, and evaporating. 

Being derivatives of unknown constitution it was deemed 
advisable to prepare them in large quantity, and we proceeded 
to carry out the above process of hydrolysis on the scale of 100 
grams per operation, as preliminary to working on the still 


larger scale of kilograms. 
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Proceeding as described we have obtained, on evaporating the 
filtrate from the barium sulphate, a light-colored gum resem- 
bling dextrin. 

The first preparation gave, on distillation with hydrochloric 
acid, only eight and two-tenths per cent. of its weight of furfural ; 
whereas, had we succeeded in obtaining the furfuroids only, as 
in the experiments on the smaller scale, the products should 
have yielded forty to fifty per cent.’ 

On reverting to the small scale we obtained this result : 

‘} vo grams of the cellulose being dissolved and the solution 
diluted and filtered from the reprecipitated cellulose ; the filtrate 
was boiled with barium carbonate, filtered, and made up to 200 
ce. Ofthis solution, eighty cc., on evaporation, gave 0.144 gram 
organic solids ; a second, eighty cc., distilled for furfural, gave 
an amount correspondidg to 46.6 per cent. of the weight of the 
organic solids. 

On further investigation of the products obtained on the large 
scale we found a large proportion retained as an insoluble barium 
compound. On boiling the washed precipitate with ammonia it 
yielded an extract, which on drying and ‘‘distilling’’ with 
hydrochloric acid, gave 12.5 per cent. furfural. It appears, 
therefore, that the products are resolved into three groups: 

1. Normal cellulose (hydrate) reprecipitated, on dilution. 

2. Soluble in water, but combining with barium carbonate 
to form insoluble compounds. 

3. Soluble in water, but neutral, in properties, and therefore 
forming no barium compounds. 

It appears also that the discrepancies between the results on 
the small and on the large scale are due to the conditions affect- 
ing group 2. These conditions are being carefully studied with 
the view of controlling the operation on the large scale. We 
have further characterized the soluble products of the hydrolysis 
as obtained on the small scale under most favorable conditions, 
as follows : 

(a) Copper-oxide reduction.—As first obtained in solution the 
reduction equivalent, referred to that of dextrose as 100, has been 


1 Unless we assume that the configuration of the products is changed by the process 
of solution in sulphuric acid, which is not an improbable hypothesis. See /. Chem. Soc., 
65, 477. 
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determined at 30.6 After further hydrolyzing by boiling in the 
solution diluted to contain two per cent. sulphuric acid, it 
reached a maximum at 68.3 

(4) Osazone.—After hydrolysis to this maximum the products 
were treated with phenylhydrazine under the usual conditions 
of formation ofosazones. A characteristic product was obtained 
crystallizing well from solution in benzene. It was found to 
melt at 154°. On analysis it gave a quantity of ammonia cor- 
responding to eight and four-tenths per cent. nitrogen. The 
parent substance is still, therefore, a product of relatively 
high molecular weight, approximately of the dimensions C,, to 
C,,, or, more strictly, containing one reactive CO group in the 
unit of these dimensions. 

(c) Decomposition by oxidants.—On treatment with potassium 
permanganate in neutral solution it gives large yields of acetic 
acid. The products of oxidation by Fehling’s solution also 
contain a large proportion of this acid. 

(d) Acetylation.—The two products of hydrolysis not yet hav- 
ing been isolated on the large scale, the reaction with acetic 
anhydride has been studied with the parent substance. These 
celluloses contain reactive hydrolysis groups, forming an acetate 
on digestion with the anhydride at its boiling-point. The yield 
obtained in one experiment was 124 per cent. The product 
being insoluble in and unaffected by the usual solvents of the 
cellulose acetates, it was possiblethat a more complicated reaction 
had resulted, e. g., condensation of the furfuroids to furfural 
and union with the anhydride to furfuracrylic acid. On distil- 
lation with hydrochloric acid the product yielded nine and a 
half per cent. furfural, which amounts to twelve per cent. of the 
original cellulose. The reaction will be further investigated 
with the isolated furfuroids. 

(e) Qualitative Reactions.—The cereal-celluloses, as we have 
frequently stated, do not give the reactions characteristic of the 
pentosans, nor do the soluble products of acid hydrolysis 
obtained as described. 

The celluloses on the other hand give a rose-red coloration on 
boiling with solutions of aniline salts, and the reaction is also 
obtained with the products of hydrolysis. From the behavior 
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of the products with barium carbonate it appears we are dealing 
with two groups; a neutral group, presumably aldoses, and a 
more acid group giving insoluble barium compounds, both char- 
acterized by the furfural reactions. The lines are obviously 
indicated upon which the separation and isolation of these.two 
groups must proceed. 

Il. THE CONSTITUTION OF THE CEREALS STRAWS. 


The straws are obviously complex structures and therefore not 
chemically homogeneous. They contain a considerable propor- 
tion of lignocellulose, the lignification being most marked in the 
groups of thickened polygonal cells situated in the hypodermal 
region, and evidently contributing chiefly to the rigidity of the 
stem. 

The following constants' have been determined, certain of 
which may be taken as measuring the proportion of lignocellu- 


lose in the complex : 
Wheat straw. Barley straw 


Cellulose, (chlorination method) ...........- 45.2 45-3 
Chlorination, chlorine combining ........... e Bas at 
“s chlorine as hydrochloric acid -- 2.9 2.4 
Methoxyl, (O.CH,) «----- esse cece e cccecccece 5 2.1 
Furfaral: «20% OI Hee ae ha eT TO ae ene 14.15 14.15 
Volatile acid, chiefly acetic, distilled with 
thirty-three per cent. sulphuric acid ...-.-- 6.4 6.3 


The chlorination numbers correspond with a proportion of 
lignocelluloses amounting to thirty-three percent. Of the cellu- 
lose isolated by the method of chlorination approximately one- 
half is obtained from this group, one-half being derived from the 
residual complex. The lignocelluloses, giving seven to eight per 
cent. furfural, yield say two and six-tenth of the total fourteen 
and five-tenths of the straw. 

The ‘‘ residual’’ complex is therefore richer in furfuroids and 
has a correspondingly lower proportion of the resistant celluloses. 

It may be further resolved as follows : 


Yielding furfural 
of cellulose, of straw, 


per cent. per cent. 
Resistant ‘‘ cellulose’ ........ coccee 25.0 12.0 3.0 
Pentosans | 
Hemicelluloses f‘'*"°°"°°""" "°° "°""" ae ie 


1 Vide the author’s book ; ‘‘ Cellulose,” pp. 111-113. 
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Assuming that of the latter group of easily hydrolyzable con- 
stituents the furfural-yielding bodies are exclusively pentosans, 
this would amount to one-half, and the entire straw (structural 
elements) might be expressed in terms of its proximate constitu- 


ents, as follows : 
Contain- Yield- 
ing cel- ing fur- 
Disposition in stem. lulose. fural 


Hypodermal fibers and fibers of { 


Lignocel SES ..- 32. 5. 2. 
fibrovascular bundles. 8 ellulose GO 358 6 


parenchyma and Hemicelluloses -+++ 21.0 + 
corbex. Pentosans «+--+ +++- 21.0 +-- g.0 


100.00 14.6 
It will be an object of our future investigations further to 
differentiate this complex. 


4 NEW CourRT, LONDON, W. C. 


Vessels of fibrovascular en Resistant cellulose. 25.0 2.50 2.6 


NOTES UPON THE DETERMINATION OF NITRITES IN 
POTABLE WATER. 


By AUGUSTUS H. GILL AND H. A. RICHARDSON. 


Received October 29, 1895. 

N comparing the results obtained by Trommsdorff’s iodo-zinc 
starch method and Griess’ a@-napthylamine test upon a 
large variety of waters, discrepancies were noticed which were 
very marked in the case of the peaty waters. These showed no 
blue by Trommsdorff’s method, but in some cases as high as 
0.0010 parts nitrogen as N,O, per 100,000 by the Griess test. 
Upon decolorizing the waters the results agreed, showing that 
the peaty matter interferes with the formation of the iodide of 
starch, and unless nitrites are present in considerable quantity 
(above 0.0020 parts nitrogen as N,O, per 100,000) this test is 

not capable of detecting them. 

The decolorization was affected in the cold, as heating in- 
creases the nitrites, byshaking up about 250 cc. of the water with 
three cc. of ‘‘ milk of alumina,’’' allowing to settle, and filter- 
ing through a filter which is washed free from nitrites. Even 
when using Griess’ method it was found advantageous to 
decolorize the peaty waters, as their brown color modifies the 
pink tint, giving a slightly higher reading than would other- 
wise be obtained. 


1 Prepared by precipitating a boiling solution of 125 grams potash alum per liter 
with ammonia, allowing the aluminum hydroxide to settle and washing by decantation. 
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The table on the preceding page shows the effect of the peaty 
matter and also a comparison of the methods, together with 
that of the #-phenylene diamine. 

In some cases a pink color was obtained and no blue, due 
probably to the greater delicacy of the napthylamine test, it being 
competent to detect 0.ooo1 part of nitoogen as N,O, in 100,000. 
This we think is the extreme limit of the test, as different shades, 
not depths of color are obtained upon adding different quantities 
of the reagents, as Dr. J. T. Tanner’ found. The iodo-zine 
starch method is incapable of detecting less than 0.0002 part of 
nitrogen as N,O, per 100,000. 

In a few cases a blue color appeared, but no pink, but upon 
passing carbon dioxide through the water no blue was obtained. . 
This may possible have been due to hydrogen perioxide. Where 
large quantities of nitrites are present, a purple color instead of 
a blue is obtained, which is difficult to estimate ; in such cases 
the water should be diluted before applying the test. 

In conducting the Griess test, the directions given by Dr. 
Tanner® were followed with the additional precaustion of using 
water free from nitrites in the preparation of the reagents. This 
was prepared by distilling the middle portion of ordinary dis- 
tilled water with an excess of alkaline permanganate, collecting 
the middle portion of the distillate thus obtained. Water pre- 
pared in this way gives no test upon eighteen hours’ standing, 
even when tightly stoppered. 


A GRAVIMETRIC METHOD OF ESTIMATING PHOSPHORIC 
ACID AS AMMONIUM PHOSPHOMOLYBDATE.’ 


By THOMAS S. GLADDING. 


Received November 11, 1895. 

HE estimation of phosphoric acid by weighing the yellow 
precipitate of ammonium phosphomolybdate has often 
been attempted, but, except in iron analysis, where the amount 
of phosphorus is very small, such a method has never yet been 
successful. The reason of such failure is evident when we con- 
sider the analyses that have been made of the yellow precipitate. 

A few only need be presented. 


1 Report National Board of Health, 7882, 280. 
2 Loc. cit. 
8 Read before the New York Section of the American Chemical Society, Nov. 8, 1895. 
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Rammels- Struve and Sonnen- 


berg. Svanberg. schein. Gibbs. 
H,O --eeeeeceeeee Lee iy | 9.49 I1.23 3-94 
NdH,OH ........- 3.25 9-49 11.23 2-28 
P,O, «+ eeececceeee 3-90 3.63 3.03 3.66 
MOO), 23s. 01250'55:08s% 86.45 86.88 86.87 89.05 


Gibbs gives the following formula for the salt : 
24Mo0O,, P,O,, 3(NH,),0+24Mo00,, P,O,2(NH,),0.H,O+16Aq. 

He prepared the salt by mixing solutions of ammonium 
molybdate (seven parts of water to three of the salt) and phos- 
phate, adding nitric acid in excess to the solution and boiling. 
Such a method would give more or less occluded molybdic 
oxide. His analysis gave 3.70 per cent. and 3.83 per cent. of 
phosphorus pentoxide against the theoretical percentage of 3.66. 
Such results were sufficiently accurate for his purposes, but 
would discourage any suggestion of using the yellow salt as the 
basis of a gravimetric method. His formula is, however, with- 
out any doubt, the correct one, with the exception of the water 
of crystallization. 

My own analysis of the salt precipitated in the manner 
described later on, and dried at a temperature of 105°C. toa 
constant weight, gives me the following composition : 


Theoretical. By analysis. 
48MoO, Coccerecccccecececetesese gI 38 gI 36 
APO, cece ceccccce rr eecveceeccecce 3.76 3.76 
100 s eee er 2.25 2.31 
LITHO «cccccsvcccccvcccceccecvees 2.61 2.57 


For ammonia 1.016 grams gave 0.234 gram NH, = 2.30 per 
cent. 

For ammonia 20.193 grams gave 0.4690 gram NH, = 2.32 per 
cent. 

For moisture 7.25 grams gave ———— = 2.53 per cent. 

3 ee store.“ os jor os 

The water was determined by estimating total hydrogen by 
combustion with copper oxide. 

For phosphoric acid, repeated analyses and syntheses gave 
almost exactly 3.76 per cent. 

The molybdic acid was found by difference. 

The fact that drying at 105° C. expels all the water except 
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eleven molecules, and that the yellow salt when dried over sul- 
phuric acid in a closed desiccator comes to the same weight as 
when dried at 105° C, would indicate that this salt contains no 
other water of crystallization. Any excess of water is appar- 
ently hygroscopic water and not water of crystallization. I 
therefore find the following asthe correct formula for the crystal- 
lized yellow salt : 

24Mo0O,,P,O,,3(NH,),0 + 24Mo0,, P,O,, 2(NH,),0, H,O+5Aq. 

The following method of procedure has given me a precipi- 
tate of a very uniform composition and would seem to afford the 
simplest and easiest method yet presented for estimating phos- 
phoric acid. 

To the solution of phosphoric acid, (twenty-five cc. to fifty cc. 
in bulk, are adden) twenty-five cc. of strong ammonia 0.900 sp. 
gr. :nitric acid, 1.42 sp. gr., isnow addedto acidity. The beaker 
containing the solution, is placed in a water-bath maintained at 
a constant temperature of 50°C. The ordinary ten per cent. 
acid molybdate solution is now added from a burette at the rate 
of about three drops per second, with constant stirring (fifty 
cc. may be added in five minutes). When the molybdate solu- 
tion to an excess of about ten cc. has been added, the beaker is 
allowed to remain for ten minutes in the bath. The contents 
are then filtered through a weighed filter paper. 

The filtrate, without the washings, and after the addition of 
five cc. molybdate solution, is replaced in the bath for ten min- 
utes. The liquid should remain clear or at most show only a 
faint opalescence. 

For washing the precipitate, a wash water of dilute nitric acid 
100: 1 is employed. Three generous washings by decantation 
and three washings on the paper followed by one final washing 
with distilled water are sufficient. The paper and contents are 
now drained for a few minutes on some waste filter or blotting 
paper and then dried to a constant weight at a temperature of 
105° C. 

In this method, the formation of a pure granular precipitate 
of uniform composition and free from occluded salts, is secured 
by the gradual addition drop by drop of the molybdate solution 
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with constant stirring. The completeness of precipitation of the 
phosphoric acid is att. | d by the presence of a large amount of 
ammonium nitrate. The separation of the molybdic oxide or iron 
salt is avoided by the low temperature employed. 

For the final drying at 105° C. an air-bath was tried and 
decisively abandoned. The use of a liquid boiling at 108° C. to 
110° C. is the only safe course. A water-oven consisting of 
several distinct divisions or floors, one above the other, and sur- 
rounded with dilute glycerol 1.160 sp. gr. boiling at 110°C. was 
found to work admirably. The lower bath or division is reserved 
for the final drying. None but dry or almost dry precipitates 
must be allowed in this lower division. The precipitates may 
be dried in an ordinary water-oven almost to a constant weight 
and then dried for one hour longer in a glycerol oven at 105° C. 
The filter papers used are dried at 105° C, and weighed between 
large, closely fitting ground watch-glasses. The final weighings 
of papers and contents are made in the same manner. 

The following investigation serves to show the results that are 
secured by this method of analysis. 

A chemically pure microcosmic salt was finely pulverized. 
Careful ignition of ten grams in a covered platinum dish gave 
4.8955 grams of sodium phosphate, giving a percentage by cal- 
culation of 34.07 per cent. phosphorus pentoxide. Ten grams 
of the salt were now dissolved in one liter of water and aliquots 
taken. Twenty-five cc. containing 0.250 gram of microcosmic 
salt were treated exactly as above. Fifty cc. containing 0.500 
gram microcosmic salt were treated by the official magnesia 
method. The following results were obtained : 


Gladding Magnesia 
Taken. method. Taken. method. 

Per cent. Per cent. 
Tecccovces Coevceeee +++ 0.250 34.07 0.500 34.07 
Private dis Vackeaesme oes 0.250 34.08 0.500 34.05 
Zoreccce cece cece seeeee 0.250 34.06 0.500 34.09 
, eee seeee 0.250 34.10 0.500 34-08 


A solution of one-tenth of the above strength was obtained by 
dilution. Of this the following quantities were used and the 
phosphoric acid therein obtained by the new method : 
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Yellow Phosphorus Theoretical 
Taken. salt pentoxide phosphorus 
ce obtained. obtained. pentoxide. 
t cesase IC 0.091 0.00342 0.003407 
a ices I 0.010 0.00037 0.00034 


These last experiments demonstrate the insolubility of the 
yellow salt and the applicability of the new method to very 
small amounts of phosphoric acid. 

A number of comparative tests of fertilizers gave closely 


agreeing results, as follows : 


Official method. New method. 

per cent. per cent. 

Phosphoric acid «.-+.e++-sseeeeeees 28.80 28.87 
ee errr rt er Ce 2.63 2.70 

66 ev ceesmaneee eeeeeee 12.03 12.00 

“s 66 eceececcccceccceee 28.30 28.33 

ee 66 pe cccceceecccccccs - 15.64 15.70 

ee  Neoneewaios ereeeeeeee 15.04 15.00 

“ OG wiaisetegaia sccm seeee 15.19 15.23 

se mer Ore ee cccsecccee + 29.16 29.23 


In all fertilizer work 0.250 gram were used for precipitation, 
and molybdate solution to an excess of about ten cc. was added. 
No more than ten cc. in excess should be used. 

Tankages and fertilizers containing a notable amount of 
organic matter should be ignited before solution. 

An application of this method to the direct determination of 
reverted or citrate soluble phosphoric acid promises good results. 
The method of procedure is as follows: The citrate filtrate and 
washings are made up to 200 cc. ‘Twenty-five cc., equivalent to 
0.250 gram of the fertilizer, are treated as follows : Fifty cc. 
ammonia 0.900 sp. gr., are added and then nitric acid to acidity. 
The liquid is now diluted to half a liter to overcome the solvent 
action of the ammonium citrate, and heated in a bath to 65° C. 
Fifty cc. of molybdate solution are added in a thin stream with 
stirring and the whole digested for thirty minutes. The rest of 
the analysis is conducted precisely as in ordinary work, except 
that the filtrate is heated for thirty minutes longer at 65° C. 
The liquid should remain clear. 











DIPYRIDINE TRIMETHYLENE DIBROMIDE, AND A STUDY 
OF CERTAIN ADDITIVE REACTIONS OF OR- 
GANIC BASES.’ 


By R. F. FLINTERMANN AND A. B. PRESCOTT. 


Received November 4, 1895. 

N the course of an inquiry into certain limits to the formation 
| of the addition compounds of amines with halogen substi- 
tuted hydrocarbons, an inquiry made both historically and by 
experimentation, the compound named first above was obtained. 
In this study the bases chiefly considered are the tertiary amines, 
and the halogen compounds chiefly those of mono- and dihalogen 
substitution, especially in the saturated hydrocarbons. 

ALKYL HALIDES IN THE FORMATION OF NITROGEN BASES. 

Among the more simple aliphatic bases, it is obvious that 
there are limits (other than those of valence) to the concentra- 
tion of carbon, or displacement of hydrogen, in the atomic 
positions next but one to the nitrogen.” Among well known 
products, notmal propyl forms a primary, a secondary, and a 
tertiary amine, likewise a quaternary* base iodide, and hydrox- 
ide, the latter not decomposed at 100°C. In contrast, isopropyl 
has been found to form only a primary and a secondary amine. 
The butyls, as base-forming alkyls, behave with a like grada- 
tion of formative power. Normal butyl holds the four ammo- 
nium valencies of nitrogen.’ Isobutyl, primary, forms the qua- 
ternary base iodide,’ but not bromide.° Secondary butyl forms 
the secondary amine but sparingly, the tertiary with difficulty, 
and this refuses to unite with iodide of the same alkyl in forma- 
tion of a quaternary base.’ Finally the teritary butyl appears 
to form only a primary amine, namely, trimethyl carbinamine, 
(CH,),CNH,.’ 

This was obtained by Butlerow,* as a bye-product, from ter- 
tiary butyl cyanide, during the conversion of this nitrile to tri- 


1 Read at the Springfield Meeting of the American Association for the Advancement 
of Science. 

2 That is, as atoms directly linked to alpha C. 

8 H. Roemer, 1873 : Ber. d. chem. Ges., 6, 1101. 

4 Lieben and Rossi, 1873: Ann. Chem. (Liebig), 165, 109. 

5 Sachtleben, 1878: Ber. d. chem. Ges., 11, 733. 

6 Reimer, 1870; Ber. d. chem. Ges., 3, 756. 

7S. Reimann, 1874: Ber. d. chem. Ges., 7, 1289. 

8 Ann. Chem, (Liebig), 170, 151 : 162, 7, 12. 
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methyl acetic acid, and has been obtained, as stated, through 
transformation of isobutyl iodide, when acted upon by silver 
cyanide, by Linnemann,’ and by Brauner.’ Rudneff,* also has 
studiedtrimethyl carbinamine. The last named chemist found that 
although trimethyl carbinamine unites with tertiary butyl iodide 
to form the secondary base in its hydriodide, (CH,),C,NH.HI ; 
on distilling this with potash the secondary amine was not 
formed, but only the primary amine again. This boils at 45° C. 
The preparation of trimethyl carbinamine by transformation of 
isobutyl iodide in reaction with silver cyanate, as reported by 
Linnemann,‘ was tried by A. W. Hofmann, in 1874,° without 
success, obtaining chiefly isobutylamine, after which Brauner, 
at Linnemann’s request, went over the work with great care, and 
has reported the operation with his interpretation of the reac- 
tion and his successful production of the primary amine of the ter- 
tiary alkyl, as above cited. He obtained, however, both isobuty]- 
amine and the tertiary butylamine. In repeating his operation 
twice, the second time with rigid rectification of materials and 
products, we obtained the hydrochloride of a base which agrees 
in centesimals with a pure butylamine. On distilling this over 
potassium hydroxide, no distillate was obtained of a boiling- 
point below 65° C. The first distillate had just the boiling- 
point of isobutylamine, primary amine of primary alcohol, a 
result which only gives to us another indication that tertiary 
alkyls do not form amines with readiness. 

The greater avidity of methyl halides than of ethy] halides, in 
additive reaction with tertiary bases, is a common laboratory 
observation. This difference, however, cannot be attributed 
wholly to the ratio of hydrogen carried by the carbon atom link- 
ing to nitrogen, because of the higher ratio of total hydrogen to 
total carbon in the methyl as compared with entire ethyl. But 
the disparity in reactive strength between propyl and isopropy] 
can be theoretically attributed to the one difference between the 
two alkyls, the structural difference in ratio of hydrogen to car- 


11872: Ann, Chem. (Liebig), 162, 19. 

21878 ; Ann. Chem, (Liebig), 192, 65. 

8 1878 : Ber. d. chem. Ges., 11, 988, 1938: 12, 1023: 1880. Bull. Soc. chim. [2], 33, 297. 

4 Already cited. This transformation agrees with that of isobuty! alcohol into tri 
methyl carbinol, reported at the same time by Linnemann ; Ann. Chem. (Liebig), 162, 12 

5 Ber. d. chem. Ges., 7, 508. 
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bon in positions nearest the nitrogen. In speed of additive 
reaction toward trimethylamine, Menschutkin' found that of nor- 
mal propyl iodide to be 0.0116, that of isopropyl iodide to be 
0.00121, in like measures of the two. Normal butyl was to 
isobutyl as 0.00832 to o.co1gt. Ethyl to normal propyl as 
0.00584 to 0.000984, all the alkyls acting as iodides, the reactions 
being compared in the same solvent. In recent studies’ of the 
same investigator, tertiary amines are compared with secondary 
and primary amines in speed of additive reaction with the same 
alkyl bromide, in each of four series. ‘Toward methyl bromide, 
diethylamine is to dipropylamine, as 16886 to 10264; toward 
ethyl bromide, the same amines, respectively, as 182 to ror, in 
speed of addition. Using electrolytic measurement of the affinity 
coefficients, Bredig’ finds the quaternary organic bases to be 
the strongest and the tertiary the weakest, each taken in its 
ammonium chloride. 

The limits of the addition of aliphatic tertiary base, those of 
simple composition, to halogen substituted hydrocarbons, have 
been lately studied by Kleine,’ the chief question being the addi- 
tive capacity of a secondary, and a tertiary, halogen substituted 
group. The bases studied were trimethylamine and triethyl- 
amine : the halides were monobromine and dibromine substituted 
hydrocarbons in the saturated series as far as pentane, as well 
as various unsaturated derivatives of open carbon chain. It was 
concluded by Kleine, from work previously reported and from 
some work of his own, that addition is not effected with the 
linking group CHX (X being the halogen), nor with a ter- 
tiary group CX, nor if a secondary or tertiary substituted 
group be present in the compound. Addition is not obtained 
with ethylidine bromide, nor with common propylene bromide, 
CH,.CHBr.CH,Br, nor with monobromethylene, nor with either 
alpha or beta monobrompropylene, nor with CHBr: C(CH,),. 
In failure of addition other reactions take place, the products of 
which have been determined. Evidently the affinities of these 

1N. Menschutkin and M. Vasileff, St. Petersburg, April, 1890: Zéschr. phys. Chem., 
5, 589. 

2 Menschutkin, 1895: Ber. d. chem. Ges., 28, 1398. 


8G. Bredig, 1894: Zitschr. phys. Chem., 13, 288. 
4G. Kleine, 1894: Chem. Centrbl., I, 16, from.Ztschr. Naturwissenchaftens, 66, 1-72. 
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other products are factors in the problem as to the limit of alkyl 
union with nitrogen in organic bases. 

In the studies of these limits phenyl has received less attention. ' 
Diphenylamine is a weak base. Triphenylamine is indifferent 
to acids, and refuses addition with alkyl iodides. Triphenyl 
phosphine is stated to have a little capacity to hold alkyl iodides 
in union. Coming under the definition of a tertiary alkyl, 
phenyl has base-forming capacity distinctly greater than that 
of tertiary butyl, the interactions of all the CH groups in the 
ring in some way reinforcing the carbon which links to nitrogen, 
destitute as this carbon is in respect to direct hydrogen union. 
In pyridine there appears an altogether different character, an 
indivisible tertiary base of strength, with special additive capa- 
bilities. With alkyliodides it forms certain addition compounds 
beyond those obtained even with trimethylamine. In pyridine 
the carbon linked to nitrogen is wholly in CH groups, and we 
may infer that all of the five of these groups are in some sense 
directly united to the nitrogen, though brought within a valence 
of three. Possibly also, the unsaturation of the unions of car- 
bon to carbon, which is more active in pyridine than in benzene, 
imparts additive power to the nitrogen. The vigorous formation 
of pyridine methyl iodide was remarked by Anderson’® shortly 
after his discovery of this base. 

Mention of the addition compounds of pyridine with methyl 
iodide,*® ethyl iodide,* propyl iodide and isopropyl iodide,* has 
been published in the accounts of various investigations devoted 
to other subjects, and therefore with partial examination and 
description of these particular products.*® In resorting to pyri- 
dine as an analytical reagent for the identification of alkyls, Lip- 


1In setting out to build up secondary and tertiary amines in 1850, A. W. Hofmann 
formed ethylphenylamine, remarking that his ‘‘ previous experimental researches sug- 
gested aniline for the foundation.’’—Phil. Trans., 1850, I., 97. 

2 Trans. Roy. Soc. Edinb., 21, (4) 571; dun. Chem. (Liebig), 94, 360. 

30. Lange, On picolines by Ladenberg’s transposition, 1885: Ber. d. chem. Ges., 18, 
3436. 

40. de Coninck, Analytical distinction between pyridine and quinoline, 1883: Bul. 
Soc. chim. [2], 40, 276. 

5 Ladenburg and Schraeder, On formation of propyl pyridines, 1884: Ber. d. chem 
Ges., 17, 1:21, and further in other papers. 

6 A description of these four quarternary base iodides is given inanother paper from 
this laboratory by A. B. Prescott. 
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pert' has recently reviewed the literature upon pyridine alkyl 
iodides, and has also contributed an account of the preparation, 
and certain of the properties of the obtainable butyl iodides of 
pyridine, namely, those of normal butyl, isobutyl, and second- 
ary butyl. Tertiary butyl iodide did not form a permanent 
addition product with pyridine, in Lippert’s hands, the reaction 
for its production yielding indicationsof pyridine hydriodide and 
of isobutylene. These transformation products are the same 
that have been obtained upon attempting to introduce tertiary 
butyl into aliphatic amines, and at all events have prevented the 
linking of more than one tertiary butyl group to the nitrogen of 
these amines. 

It appears, therefore, that for secondary and tertiary alkyl 
halidies, the limits of pyridine addition go beyond the limits of 
trimethylamine or triethylamine addition, while the former 
limits are parallel to the latter. On the other hand it is easier 
to form a primary amine or ammoninm salt of a tertiary alkyl 
than it is to form a pyridinium salt of the same alkyl. Compar- 
ing pyridine addition with aliphatic base formation, we may 
apply the conclusions diawn by Menschutkin from comparisons 
among certain aliphatic bases themselves, that the capacity of 
the nitrogen atom in a base to exercise five units of valence, 
depends largely, he says, onthe nature ofthe elements or groups 
to which the nitrogen is already united. 

.DIHALOGEN SUBSTITUTED HYDROCARBONS IN ADDITIVE REAC- 
TION WITH PYRIDINE. 


’ 


The action of halidies of ‘‘ diatomic radicals’’ upon the ter- 
tiary amines was studied by Hofmann in London.’ Pyridine 
ethylene bromide was obtained* in his laboratory a short time 
before he returned to Germany. This product was stable, and 
upon analysis was found to have the proportions of (C,H,N), 
C,H,Br,. We may nowexpress this composition by the formula 
A La 


C.HLN< Br Br 


?>NC,H,,. 


1 W. Lippert, On the decomposition of ethers by hydrogen halides, 1893: Ann. 
Chem, (Liebig), 276, 181 

2 Phil. Trans. Action of ethylene bromide upon trimethylamine, May 2, 1858, upon 
triethyl phosphine, June 25, 1860. Further Proc. Roy Soc., 9, 293. 

3 Davidson, May 24, 1861: Proc. Roy. Soc., 11, 261; J. Chem. Soc., 14, 161. 
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The next homologue in diprimary dibromine substitution is 
trimethylene bromide, CH, Br.CH,.CH,Br, and we have obtained 
its addition compound with pyridine as follows: Pyridine of a 
boiling-point of 116°-118° C., and trimethylene bromide of a 
boiling-point of 165° C., were added together in the proportion 
of two molecules of the pyridine to one molecule of the bromide, 
and to the mixture one-fifth its volume of absolute alcohol was 
added. In Preparation I the mixture was heated ina sealed 
tube, at 105°-115° C. for four hours, when the product was a light 
brown crystalline mass, with a very little dark brown oily liquid 
and some gas escaping as the tube was opened. The crystals 
were drained, washed with alcohol, becoming of very light color, 
and recrystallized once from alcohol, becoming nearly white. 
Dried on a porous plate, the melting point of the crystals was 
225°-226° C. In Preparation II the same materials, in same 
proportion, were digested in a sealed tube without applying heat, 
fora week. Crystallization began in clusters on the first day 
and increased steadily until apparently complete, this product 
being pure white. These crystals, without recrystallizing, were 
washed under suction with alcohol and dried on a porous plate 
ina vacuum desiccator. The melting point was the same as that 
of Preparation I. 

This compound is very soluble in water, less soluble in 
alcohol, and in ether, and but very slightly soluble in chloro- 
form. Itis slightly hygroscopic in the air. Kept in an open 
vessel for weeks it shows no indication of decomposition. At 
the high melting point there is gradual decomposition. Distilled 
at a little above its melting point, it yielded hydrobromic acid, 
and a very hygroscopic sublimate, which sublimed again 
unchanged, and had the properties of pyridine hydrobromide. 
No further work was done upon the decomposition products. 
Analysis of the addition product itself gave figures as follows : 


Calculated for Preparation I. Prepara- 
(C,HsN)gCsHgeBrg. (1) (2) tion IT. 
Bromine ..-..--- 44.43 44.11 44.07 44.42 
Nitrogen ........ 7 ey 8.08 8.46 7.84 


A determination of the molecular weight was made with Prep- 
aration I by the cryoscopic method, using phenol as the sol- 
vent. Previous trial was made with acetic acid, the results of 
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which indicated decomposition of the addition product. Had 
time permitted making the determination with the purer product 
in Preparation II, obtained later, results closer to the calculated 
molecular weight than could have been expected. The figures 
obtained with Preparation I were as follows, in which J/ = 
molecular weight ; A = constant, which for phenol is 76 ; g = 
grams of substance ; G = grams of solvent, and 4 = depression. 
g 


These are taken in the formula J7= 10c.X. a c 

No. g£. G. A M. 

Ea nei ecrisimencalsiiemne 0.4055 15.5 0.573° 346.8 
Div.0'+ 6 a 'pintin:d wh ess era signs 0.6898 15.5 1.083” 312.0 
Scien wintewisieieyh Sieie sees 0.2339 16.6 0.328° 328.0 
ids sie alan \ain o/eia wisn ibiaee 0.3386 15.7 0.492° 332.8 
Ko awaaunss sea aneiewee 0.3852 24.8 0.340° 347.1 
Bias Gawaisteteiielcisevels'e- 0.6914 24.8 0.651° 326.0 
(CSHSN )zCgH Brg eee ce ceee cece cece ee eens cree eeereeees 359-15 


The formula, therefore, appears to be 

etn eS cote ae. 

This determination supports the formula adopted for the pyri- 
dine ethylenebromide of Davidson, as a dipyridine compound. 
Hofmann! found the trimethylamine ethylenebromide to have the 
proportions of a monammonium compound, (CH,),N.C,H,Br,, 
while singularly enough, Kleine gives’ the proportion in tri- 
methylamine trimethylenebromide to be those of a diammonium 


compound ((CH,).N),.-C.H,Br,, 


The composition of these four related dihalogen addition pro- 
ducts, the aliphatic base and the aromatic base combinations 
respectively with substituted ethane and propane, may be com- 
pared as follows : 


With trimethylamine : 
The ethane derivative, (cn) ne. 


The propane derivative, (CH,),N< re MIO. 


With pyridine : 
The ethane derivative, Cat SOS eae, 


11858: Proc. Roy. Soc., 9, 293. “ Addition of nitrate of silver precipitates only one- 
half of the bromine as bromide of silver, while even by protracted ebullition the 


second half remained untouched.” 
2Chem. Centrbl., 1894, I., 16 
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As these results now stand, it appears, frst, that pyridine is 
more reactive for addition with diprimary halogen groups than 
is trimethylamine ; second, that with the weaker base the one 
primary halogen group protects the other from addition when 
both these groups link together, not when they are separated by 
a CH, group. In this relation it may be noted as a conclusion 
of Bredig,' that in metameric diamines, the bases are stronger, 
the further removed are the amido groups. 

We have studied the reaction of pyridine upon a few primary- 
secondary dihalogen substituted hydrocarbons, and have not 
obtained addition in any ofthesecases. Theconditions of addi- 
tion were digestion in sealed tubes at 80° to 100° C. Propylene 
bromide, CH,.CHBr.CH,Br, was treated in several operations, 
both with di-pyridine proportions and with mono-pyridine pro- 
portions, with the result of various products, but without an 
addition product. Pyridine hydrobromide was at all events 
obtained. Again, with ethylidine chloride no addition was 
obtained. Other conditions, however, will be brought to bear 
upon this class of pyridine additions, in work now in hand in 


The propane derivative, C,H,N 7>NC,H, 


this laboratory. 


ANN ARBOR, MICHIGAN. 


A PROPOSED SCHEDULE OF ALLOWABLE DIFFERENCE 
AND OF PROBABLE LIMITS OF ACCURACY IN 
QUANTITATIVE ANALYSES OF IETAL- 
LURGICAL [PATERIALS.’ 


BY E. D. CAMPBELL. 


Received October 1, 1895. 
ITHIN the past twenty years, metallurgical practice has 
W grown to depend more and more upon a chemical 
knowledge of the material employed in the various operations. 
On account of this dependence it has become necessary to have 
accurate as well as rapid methods for the determinations of the 
elements which take an active part in the different processes. 
Many methods for the determination of the various elements 


1 Loc. cit. 
2 Read before the Chemical Section of the American Association for the Advance 


meut of Science, Sept. 2, 1895. 
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usually met with in metallurgical work have been proposed, each 
having its own claim for accuracy, or rapidity, or both, but as will 
be seen from the efforts of the International Committee on the 
analysis of Iron and Steel, we are far from having perfect meth- 
ods for metallurgical analysis. 

There are many sources of errorin ordinary quantitative 
determinations, which, while they can be partly avoided, can 
never be wholly overcome. Among these may be mentioned 
such errors as arise from solubility of precipitates, solubility of 
apparatus in which operations are performed, impurities in 
chemicals, inaccurate graduation of volumetric apparatus, 
unavoidable error in accuracy of weighing, and last, but not 
least, errors due to what may be termed the personal equation, 
the presence or absence in the operator of that manipulative 
skill which distinguishes an expert from a clumsy worker. 
Since we cannot expect absolute agreement in results it may be 
asked how close should quantitative determinations agree. 
This question cannot be answered by a single figure since the 
unavoidable errors in the various determinations differ according 
to the element determined and the method used in the analysis. 
Just how great a difference between determinations should be 
allowed and what the probable limit of accuracy, which may be 
hoped for, is largely a matter of judgment based upon the exam- 
ination of the results obtained by different chemists, known to 
be careful operators, working upon the same material. 

Basing our judgment upon the usual errors of analysis, upon 
the commercial requirements of accuracy and upon the unavoid- 
able sources of error we would propose the following schedule of 
allowable differences and of probable limits of accuracy for dis- 
cussion in the section. In the table below the first column 
shows the element or constituent determined ; the second, a for- 
mula for calculating the difference which might be reasonably 
expected between the results of two chemists working upon the 
same material and the third column shows a formula for calcu- 
lating the probable minimum error which may be hoped for. 
To take an instance : suppose chemist A reports the phosphorus 
in a specimen of steels as 0.076 per cent., then by the formula in 
the table we might expect B to report 0.076+ 0.00352 per cent., 
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and from the third column we could not hope to reduce the 
error to less than 0.00058 per cent. 


Element or constituent. 
Iron and Steel. 
Graphitie carbon 
{ Cast iron 
\ Combined carbon 
Carbon in steel 
Silicon 
Sulphur 
Phosphorus 
f§ Manganese in 
\ cast iron and steel 


f§ Manganese in 
Uspiegels, ferro, etc. 
Nickel 
Ores. 
Silica 
Alumina 
Ferric oxide 
Iron 
Manganese 
Calcium oxide 
Magnesia 
Phosphorus 
Phos. pentoxide 
Combined water 
f Potassium oxide 
\ Sodium oxide 
Sulphur in iron ore 
Sulphur in pyrite 
Lead 
Zinc 
Copper 
Nickel 
f Arsenic 
| Antimony 
Tin 
Coal and Coke. 
Moisture 
Vol. hydrocarbon 
Fixed carbon 
Sulphur 
Ash 
Phosphorus 


Allowable difference of 
per cent. 


+[0.050+(0.02X Cg) ] 
+[0.050+(0.92xCc )] 


+[o0.010+(0.02XC)] 
+[0.005+(0.02X Si)] 
+[0.003+(0.03XS)] 
+[0.002+(0.02X P)] 


+[0.005-+(0.04 X Mn)] 


+[o0.050+(0.004X Mn)] 
+[0.050+(0.02x Ni) ] 


+[0.050+(0.006x SiO, )] 


Probable limit of 
accuracy. 


+[0.005+(0.005 X Cg) ] 
+[0.005-+(0.005 X Cc) ] 


+[0.002+(0.003 X C) ] 
+[0.002+(0.003xSi)] 
+ [0.0005—(0.005 XS) ] 
+[0.0002+(0.005 X P)] 


+[0.001+(0.005 X Mn) ] 


+[0.005+(0.001 X Mn) ] 
+ [0.005+(0.005 X Ni) ] 


+[0.005+(0.001 X SiO, ) J 


+[0.030+(0.003*A1,03)] -+[0.005+(0.001XA!1,03)] 
+[0.030+(0.003 X Fe,O;) ] +[0.005+(0.001 X Fe,O;) ] 


+[0.020+(0.003 X Fe) ] 
+[0.050+(0.003 X Mn) ] 
+[0.050+(0.002xCaO ) ] 
+[0.050+(0.010X MgO)] 
+[0.002+(0.02X P)] 

+ [0.005+(0.02 X P,O;)] 
+[0.050+0.10X H,O)] 


+[0.050+(0.020X K,O) J] 


+[0.005+(0.030X$S)] 
+[0.050+(0.004X$S)] 
+[0.050+(0.003 X Pb)] 
+[0.050+(0.003 X Zn) J 
+[0.030+(0.003 X Cu) ] 
+[0.030+(0.003 X Ni)] 


+[0.050+(0.010X As) ] 
+[0.010+(0.010X Sn) ]J 


+[0.050+(0.020X H,O)] 
+[0.050+(0.10X hydro)] 
+[0.050+(0.010X C)] 
+[0.020+ (0.030X$S)] 
+[0.050+(0.005 X Ash)] 
+[0.002+(0.02x P) ] 


+[0.004+(0.001 X Fe) ] 
+[0.005+(0.001X Mn) ] 
+[0.010+(0.001 X CaO ) J 
+[0.005+(0.002X MgO) ] 
+ [0.0002+(0.005 X P) ] 
+[0.0005+(0.005 X P,O;) ] 
+[o0.010+(0.001 X H,O)] 


+[0°005+(0.005 X K,O) } 


+[o0.001+(0.003X S$) ] 
+ [0.005+(0.0002 X $ ) ] 
+[0.005+(0.0005 X Pb) } 
+[0.005+(0.0005 X Zn ) J 
+[0.005+(0.001 X Cu) ] 
+[0.005+(0.001 X Ni)] 


+[0.002+(0.001 X As) ] 
+[0.005+(0.001X Sn) ] 


+[0.005+(0.005 X H,O) } 
+[o0.010+(0.001 X hydro) 
+[0.010+(0.001 XC) ] 
+[0.005-++ (0.003 XS) ] 

+ [0.005+(0.001 x Ash) ] 
+[0.0002+(0.005xP)] 
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DERIVATIVES OF COLUMBIUM AND TANTALUM. ' 


By MARY ENGLE PENNINGTON. 


Received November 29, 1895 
MONG the more metallic members of Group V of the Peri- 
A odic System are the elements columbium and tantalum, 
which, though almost a century old and counting among their 
devotees such investigators as Rose, Hermann, Marignac, Ram- 
melsberg, and others of equal fame, still offer many interesting 
problems to the student of inorganic chemistry. Comparatively 
few of the compounds of these elements have been prepared. 
Those which have been studied narrowly enough to afford an ac- 
curate knowledge of their chemical behavior form a much shorter 
list. The early literatureis, in many instances, very contradictory, 
due to the supposed existence of such elements as pelopium and 
ilmenium, engendering as they did the fruitful controversy 
between Hermann and Marignac, which controversy resulted in 
the tacit acceptance by the chemical world of Marignac’s state- 
ment, that columbium is elementary. The old doubt, however, 
appears to have been revived through the very careful work of 
Krtiss in 1887, on the oxides of these metals, their separation 
from each other and also from the oxides which accompany them 
in their apparent minerals. 

He found through the fractional crystallization of the double 
fluoride of columbium and potassium, and by determining the 
atomic value of the various fractions, that something apparently 
contaminated the columbium. In some fractions the values 
obtained were far too low. This he accounted for by proving 
the presence of titanium. Other portions, however, were much 
too high, and this, it was carefully proved, was not due to 
adhering tantalum. Just what the substance was which gave in 
one fraction an R” having almost double the accepted atomic 
mass was left undecided. 

A careful consideration of this question in the light of the 
various researches, makes it seem not improbable that the com- 
pounds of columbium, as we know them, are not perfectly free 


1 From the author’s thesis presented to the University of Pennsylvania for the de- 


gree of Ph. D., 1895. 
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from contaminating substances. The many difficulties encoun- 
tered in the separation of this oxide from others usually occur- 
ring with it, and the insufficiency of the prevailing methods of 
separation, seem to demand a more exact knowledge of the 
behavior of the element in the purest condition obtainable, and 
also when mixed with the oxides of tantalumand titanium which 
usually adhere to it. 

It was with the hope that some additional light might be 
thrown upon the general deportment of the derivatives of these 
elements that this research was undertaken. 

The material used was obtained from a columbite from Wake- 
field, N. H. An abundant supply of the mineral was secured 
through the kindness of Professor S. P. Sharples, of Boston, in 
whose possession it had been for some years though it had never 
been analyzed. Wakefield is a new locality for columbite. 
The deposit was discovered while mining for feldspar. Near 
the columbite is quite a deposit of beryl. 

ANALYSIS OF WAKEFIELD COLUMBITE. 

The mineral occurs in large, black, lusterless masses. Scat- 
tered over the surface are little patches of a bright yellow sub- 
stance. These proved to be uran-ochre and gave evidence of 
the presence of the uranium which was later found in the min- 
eral. Feldspar occassionally penetrated the mass, though in 
small quantity. The specific gravity of picked material was 
found to be 5.662 at 4° C. 

Decomposition was effected by the method usually employed 
for this class of minerals. 

Fusion with Acid Potassium Sulphate.—The finely divided 
mineral was allowed to stand over calcium chloride for some 
hours. The desired amount of this dry, and almost impalpable, 
powder was weighed off and mixed with at least nine times its 
weight of fused potassium bisulphate. This must be an inti- 
mate mixture. Great care should be exercised when the heat 
is first applied, else loss by spattering will occur. Frequent 
stirring tends to prevent this, and also hastens the decompo- 


sition. 
Some trouble was experienced by the fusion 


ee ’ 


climbing’’ and 
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leaving far up on the sides of the crucible particles of mineral 
which could neither be driven down by heat or forced down by 
a platinum rod. To collect these particles the crucible contain- 
ing the clear, quiet fusion was slightly tilted and the adhering 
portions covered with a little bisulphate. Then by gently heat- 
ing the whole mass was driven down until it met the main por- 
tion of the fusion. All decompositions by this method were 
made in a large platinum crucible or platinum dish. The latter 
was preferred. Ifthe mineral is fine enough the fusion is com- 
plete in about five hours. 

The fused mass was taken up ina large quantity of water, 
and boiled out with water several times. The insoluble portion 
consisted of the oxides of columbium, tantalum, titanium, tin, 
tungsten, and any silica which was present. Small quantities 
of these oxides invariably remained dissolved although the solu- 
tion was boiled for a long time ; it is, therefore, advisable to let 
the filtrate stand twenty-four hours, then refilter. 

The moist oxides, according to Headden,' should ‘‘ be 
digested with yellow ammonium sulphide’’ to remove all tin, 
tungsten, etc. Rose recommends that yellow ammonium sul- 
phide should be simply poured over them, and that this solution 
should be evaporated to dryness, and gently ignited, to render 
the columbium and tantalum oxides which have been dissolved 
by the alkali, insoluble. Wohler’ claims that it is sufficient to 
treat the metallic oxides upon the filter with yellow ammonium 
sulphide. As some uncertainty existed as to the best course to 
pursue, the effect of ammonium sulphide when mixed with these 
oxides for a longer or shorter period of time was studied. 

Heating in a porcelain dish on the water-bath for three hours 
gave 1.15 per cent. of the mixed oxides ; one and one-half days, 
1.60 per cent. ; three days, 1.85 per cent. ; one week, 2.24 per 
cent. By pouring the sulphide over the oxides on one filter, as 
Rose and Wohler advise, 0.24 percent. of the mixed oxides was 
obtained. 

Apparently, the moist metallic oxides are more readily dis- 
solved by ammonium sulphide than is generally supposed, and, 


1 Am. J. Sct., 41, 91, 7891. 
2 Mineral Analyze, p. 140. 
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therefore, when working with columbites containing the acid 
oxides care must be taken, or a very appreciable error may 
result. 

The ammonium sulphide solution was precipitated by dilute 
hydrochloric acid, and the precipitate was filtered, and washed 
with hydrogen sulphide water, alcohol, ether, carbon disulphide 
and ether. The mixed sulphides were carefully heated in the 
air, then reduced in a current of hydrogen gas. The residue 
treated with dilute hydrochloric acid gave tin in solution and 
left undissolved a small quantity of a black compound which 
proved to be the tetroxide, Cb,O,, with possibly a little tanta- 
lum. 

The moist oxides when treated with ammonium sulphide, have 
not only the acids removed, but the iron contained in 
them is changed to sulphide. This is dissolved out by dilute 
sulphuric acid. Filter off the oxides and wash them thoroughly 
with boiling water. A pump is usually necessary because of the 
precipitate being finely divided, and having a tendency to clog 
the pores of the filter. By this treatment the oxides should be 
entirely freed from iron and manganese. Nevertheless ignitiou 
gave a powder having a distinct pinkish yellow hue, showing 
the presence of these elements. The oxides were, therefore, 
re-fused with potassium bisulphate and treated as before. The 
second fusion gave a product lighter in color, yet not perfectly 
white. Another fusion was resorted to, and no loss in weight 
was observed, as a small amount of iron still adhered to the 
oxides. In fact, a perfectly white mixture of the oxides has not 
been obtained by this method. 

The sulphuric acid solution of the iron which remained with 
the insoluble oxides, was added to the aqueous extraction of the 
fusion. This solution now contained iron, manganese, 
uranium, and calcium, with a large excess of sulphuric acid and 
alkali salt. Yttrium, cerium and calcium were looked for 
according to the plan presented in Rose’s Handbuch der analyt- 
ischen Chemie, 2, 335, which is, in brief, this: The greater 
part of the free acid is neutralized with sodium carbonate ; 
sodium acetate is added, so that acetic acid is in large excess. 
The earths are precipitated by ammonium oxalate, the precipi- 
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tate being allowed to stand twenty-four hours. From three 
grams of mineral only a very small amount was obtained. This 
was too small a quantity to investigate further, so that if any 
rare earths are present in the mineral they exist in traces. 

To the filtrate which contained iron, manganese and uranium 
were added ammonium sulphide and ammonium carbonate. 
The iron and manganese were precipitated as sulphides, while 
uranium was held back by the ammonium carbonate. Beryl- 
lium, if present, would have been found here. This element 
was sought for, since the locality from which the mineral came 
made it a probable constituent, but none was detected. The 
sulphides having been filtered out, the filtrate was made acid 
with hydrochloric acid, the carbon dioxide boiled off, then the 
uranium precipitated by ammonium hydroxide. The uranium 
hydrate was filtered, washed, ignited, and weighed as U,O,,. 
The sulphides of iron and manganese were dissolved off the fil- 
ter in hydrochloric acid, oxidized, and separated by the basic 
acetate method, the manganese being finally weighed as manga- 
nese pyrophosphate. 

The water contained in this columbite was determined by 
heating in a boat ina glass tube, and collecting the aqueous 
vapor in a weighed calcium chloride J tube. 

In the literature relating to columbites and allied minerals, 
while a ferrous content is given, the method by which it was 
determined is omitted. Perhaps this is due to the fact that the 
customary decomposition with sulphuric acid in a sealed tube 
naturally suggests itself, yet in applying this course to the 
columbite under examination unexpected difficulties were 
encountered. The experience is at least interesting, 

The mineral was ground very fine and heated in sealed tubes 
with sulphuric acid (one part of concentrated acid to two parts 
water), the resulting decomposition being titrated with perman- 
ganate with the following results : 


Per cent. FeO. 


0.5 gram heated one day at 210° C...-..--- ste eeeeeeeees 1.316 
0.5 gram heated two days at 230° C.....- tte e ee eeeeeneee 1.416 
0.5 gram heated five days at 230° C..-sse sees ceeeee cece 5-50 


It seemed probable that this was not the total amount of fer- 
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rous iron in the columbite, hence attention was directed to an 
old method which is rarely used, yet seems to be worthy of 
greater attention than has been givenit. Berzelius first sug- 
gested the method, though it is generally credited to Hermann. 
The finely ground mineral is mixed with fused and finely divided 
borax. A small platinum crucible is completely filled with this 
mixture, then covered with a platinum lid, and the whole placed 
in a larger platinum crucible. Dry magnesium oxide is packed 
around and over the inner crucible until it is completely covered 
and so excluded from air contact. The heat of a good Bunsen 
lamp is applied for one-half hour, when the decomposition is 
complete. Longer heating, or too rapid cooling, causes the 
fusion to adhere very tightly tothe crucible, and loss may result 
on endeavoring to remove it. Whenthe whole is quite cold, the 
small crucible is taken out, freed from adhering magnesium 
oxide, and weighed. The fusion, which is a clear green glass, 
is then freed from the crucible by sharply tapping; a piece may 
be broken off, weighed, ground in a mortar, dissolved in 
water and sulphuric acid, and titrated with potassium perman- 
ganate. Or, if the amount of ferrous iron is not large, it is bet- 
ter to crush the whole fusion in a diamond mortar, then place ina 
flask provided with a Bunsen valve, dissolve in water and sul- 
phuric acid, and titrate. To prevent the oxidation of the iron 
during its solution, a quantity of sodium carbonate was placed 
in the flask with the ground fusion, and the water and sulphuric 
acid added carefully to this mixture. When a strong evolution 
of carbon dioxide had continued for several minutes, the cork 
carrying the Bunsen valve was quickly inserted, and the flask 
put aside until solution had taken place. It is necessary to 
shake the flask from time to time, otherwise the finely divided 
oxides which separate will enclose some particles of the fusion, 
and the result will be low. In one or two hours the insoluble 
residue should be a perfectly white, fine homogenous mass. 
The flask is then opened, more sulphuric acid added if neces- 
sary, and the iron titrated with permanganate. A number of 
fusions were made according to this method, the amount of fer- 
rous oxide found being 6.426 per cent. The method seems to 
be, so far as columbite is concerned, perfectly trustworthy. It 
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is rapid, and the manipulation is not difficult. The oxides 
which separated out were perfectly white. In one experiment 
they were filtered off, washed with hot water, ignited, and 
weighed. The percentage of mixed oxides, 77.94 per cent., 
agress quite well with that obtained by the bisulphate method. 
The quantitative analysis ot this columbite by fusing with 
bisulphate, as above described, gave the following results : 








i A. B Cc. D. E. 
Ta,O,; ) 
CIO, per see sinwe as 78.61 79.04 79.04 77-96 78.70 
TiO, 
BEAD iaiep ais:s wearrs,o% 12.30 13.83 13.62 13.58 
: Su0, | 2 i : 
: WO, foccttrtte 1.15 1.60 1.85 2.24 1.84 
Bs BEND 25.0% See eee - 8.96 8.32 eae 8.08 
t IOI.02 102.79 se 100.86 cece 


One-half gram of material was used in each case. ‘The ferric 
i oxide, as given above, includes the ferrous, which, estimated by 
the method of Berzelius, equals 6.42 per cent. 

In a sixth analysis three grams of material were taken, and 
4 due attention was paid to those constituents which former analy- 
ses had shown to be present, but in such small quantities that 
their determination was not trustworthy. The results in this 








case were : 
Per cent. 
Ta,O; 
i Cb, 0; Ube hae kee OES 6 KA ROS OeaeES Hes PC ee 78.04 
; TiO, 
‘ WO, ) o2 
lhl ale ea hi yak .24 
Ugg «oc ce cccc cccsicces cevcesiceee cess ccsecsse sees coe 0.48 
Fes osccsccccc car ccc cvccce sees sess cscs cece sscccwee 5.22 
H RP seid aaa aw mela aie ta cave CRRA Oe ae Aa eh MER bias 6.42 
SN aah da anes. Sita oe shia Wa Oh Ra neve Sw Aw aces eae Aceate 0.02 
; EE ee eae ree ee 8.06 
PE H,O Or eT ee re eee CREECH RE OS EROS R OES bare Sea kes 1.22 
MINE erate Sara, alate bre-wisl Ouse oiaew ite SaaS eee Owe 100.60 
i An interesting point in the composition of this columbite is 
f the ferric oxide. Hermann records one analysis of some frag- 


ments of a columbite from Miask containing several per cent. of 
it, and so far as I am aware this is the only columbite in which 
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this constituent is mentioned. Healso gives a Miask columbite 
containing 0.50 per cent. of uranium oxide. Genth mentions a 
trace of uranium in a columbite analyzed by him. 

While no effort was made to separate the metallic oxides 
quantitatively, it was found from the preparation of pure material 
that the columbium was in decided excess. Titanic acid was 
proved to be present, and silica was found in very small quanti- 
ties. 

Many of the recorded analyses in which separations of colum- 
bic and tantalic oxides are given, fail to state whether any 
attempt had been made to eliminate or to prove the presence of 
titanium or silica. Given a mixture of tantalum, columbium, 
and titanium, the analyst will have no difficulty in separating 
tantalum from columbium by Marignac’sdouble fluoride method. 
But the titanium double fluoride, when mixed with the colum- 
bium salt, shows an abnormal solubility which makes its sepa- 
ration very doubtful. This point will be more fully discussed 
later. 

Fusion with Sodium Thiosulphate.—It occurred to me to try 
the decomposition of the mineral by fusion with sodium thio- 
sulphate, believing that in this way tungsten and tin would be 
converted into sulpho salts, and could then be more effectually 
removed from the other constituents. Without entering into 
detail, I may say the attempt was fruitless. : 

Decomposition of the Gibbs Method.—Some years ago Dr. 
Gibbs published a proceedure’ for the decomposition of the 
columbite minerals; and as my desire was to investigate the 
different methods of decomposition, I naturally turned to this 
suggestion. In mineral literature this course is given a second 
place to the bisulphate decomposition. My own experience 
compels me to prefer it to the latter method. The details of the 
Gibbs method are, in brief, as follows : 

The mineral must be fine, yet need not be in an impalpable 
powder, as is necessary inthe bisulphate decomposition. It was 
intimately mixed, by grinding in a mortar, with three times its 
weight of potassium fluoride ; the mixture was transferred to a 
platinum crucible and made into a paste with concentrated 


1 Am. J. Sct. Arts., 37, 357. 1864. 
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hydrofluoric acid. The mass heated up at once, and for some 
minutes the decomposition proceeded without the application of 
heat. It was found advantageous to let this mixture of acid salt 
and mineral stand for several hours, stirring occasionally, and 
adding more acid if the mass became hard. It was then heated 
on a water-bath until the excess of acid was driven off. After 
thoroughly drying on an iron plate, the free flame was applied. 
Hydrofluoric acid was driven out of the acid potassium fluoride, 
and at length the whole mass fused and formed a clear, quiet, 
easily handled fusion, which upon cooling, became a beautiful 
pink-violet in color. 

The decomposition is net complete until every part of the 
mixture has assumed this color, which does not change on 
further heating. In the early part of the fusion a deep blue 
color appears. If the action be interrupted at this point, an 
incomplete decomposition will result. 

The violet mass was taken up with water and hydrofluoric 
acid in a platinum dish, then boiled and filtered. This extrac- 
tion should be repeated several times. If the decomposition is 
not quantitative, the solution in water is much hastened by 
first grinding the fusion. Any silica which may have been 
present in the mineral will remain as potassium silicofluoride. 
This being a gelatinous compound, it is likely to enclose fine 
particles of the fusion and prevent theirsolution. Ifthe amount 
of silica is not large, a separation may usually be effected by 
treating with concentrated hydrofluoric acid ; but if much silica 
be present it is safer to evaporate to dryness with a little sul- 
phuric acid, and take up the remaining potassium sulphate with 
water. If any insoluble substance is left it may be dissolved in 
hydrofluoric acid and added to the main portion of the solution. 

If an analysis of the mineral is desired, hydrogen sulphide 


gas may now be passed through the acid filtrate, whereby any 


tin, tungsten, or molybdenum present will be precipitated as 
sulphide. Filter, and separate as usual. 

The filtrate was evaporated to dryness, and enough sulphuric 
acid added to expel all the hydrofluoric acid. The excess of 
acid was driven off on an iron plate, not over a free flame, and 
the oxides of columbium, tantalum, and titanium precipitated 
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by boiling with a large quantity of water. The boiling must be 
continued for several hours to insure a complete precipitation, 
but it is not so difficult to bring down the metallic oxides under 
these conditions as in the bisulphate decomposition. Filter, and 
wash the oxides with hot water, first by decantation, then on 
the filter. The ignition of the oxides gave a perfectly white, fine 
powder ; and this fused with sodium carbonate or potassium 
fluoride yielded a colorless mass when cold. The oxides 
obtained from the bisulphate never did so, but formed with the 
carbonate a tinge of green, and with the fluoride a tinge of pink, 
showing the presence of manganese and probably of iron. 

The filtrate from the mixed oxides contained iron, manga- 
nese, and uranium. These were separated by ammonium sul- 
phide and ammonium carbonate, following the plan given under 
the bisulphate method. 

When the object is simply the extraction of pure mixed 
oxides, the above procedure may be somewhat varied. The 
fusion is made just as usual, then taken up with water insuffi- 
cient for perfect solution, and a small quantity of hydrofluoric 
acid, boiled, and filtered. On cooling, the filtrate will be found to 
be an almost solid mass of the columbium double fluoride, 
2KF.CbOF,.H,O, which separates asa beautiful shining salt 
and consists of thin laminz. At first the tantalum double 
fluoride remains undissolved, or is dissolved only in small quan- 
tity, as it isa very insoluble salt compared with the columbium 
compound, but if too much hydrofluoric acid is added the tanta- 
lum will be discovered with the columbium potassium fluoride, 
and larger amounts of iron and manganese will also contaminate 
it. From a very concentrated solution of the columbium double 
fluoride, such as would be obtained by this method, any tanta- 
lum double fluoride will, if present, separate almost immediately. 
These needles should be examined under a microscope for the 
thin transparent plates of the columbium salt. When these 
begin to appear, filter at once and use a pump. The plates are 
a good indication that all tantalum is separated. The filtrate, 
on standing, will usually give the columbium salt, but it may 
have to be concentrated a little. The first crop of crystals may 
be colored pink by manganese or iron. Recrystallization, how- 
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ever, removes this. The next crop is fairly pure. When work- 
ing with large quantities, a very satisfactory approximate sepa- 
ration of columbium from tantalum may be obtained by this, 
method of extraction. 

As boiling with pure water, or even with water containing a 
small amount of hydrofluoric acid decomposes the tantalum 
potassium fluoride and leaves an insoluble compound, 

2(2KF.TaF,)Ta,O,, 

while the columbium double salt is practically unaffected, this 
treatment leaves us in the end a white, finely divided mass, 
which is almost free from columbium. By heating this residue 
on a water-bath with a rather concentrated solution of hydro- 
fluoric acid and a little potassium fluoride, the tantalum potas- 
sium fluoride is obtained and may be purified by recrystalliza- 
tion. 

The Gibbs method was used for the preparation of rather 
large quantities of tantalum and columbium potassium fluorides. 
I think it preferable to the bisulphate decomposition and subse- 
quent solution of the oxides in hydrofluoric acid, in that it does 
not consume so much time, and iron and manganese are more 
readily eliminated. The only objection is that large platinum 
vessels are needed ; asa substitute for these, rubber beakers and 
funnels were sometimes used. 

The method finally adopted is as follows : 

Separation of Columbium and Tantalum by their Potassium 
Double Fluorides.—The pure mixed oxides were placed in a 
platinum crucible with three times their weight of potassium 
fluoride, then moistened with hydrofluoric acid as described 
under the decomposition of the mineral by the Gibbs method. 
By treating the fusion with water and hydrofluoric acid an 
almost perfect solution was obtained since only a trace of silica 
was present. Concentration, gave the long pointed needles of 
tantalum potassium fluoride, 2KF.TaF,. These were filtered 
and the solution again concentrated. The crystal crop should 
be examined under the microscope as it may be a mixture of 
tantalum and columbium. Usually it is only tantalum. 

If a considerable excess of hydrofluoric acid and potassium 
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fluoride is present in the mother-liquor, the next crop of crystals 
may be a complex mass about which the analyst can come to no 
definite conclusion. The fraction consists principally of long 
crystals much like the titanium double fluoride, and to make the 
matter more puzzling these crystals are not so soluble as those 
separating at the same time. They may be obtained pure by 
treating the mixture with a few drops of water and quickly fil- 
tering. Recrystallization from pure water gives the laminated 
salt 2K F.CbOF,.H,O. Ifthe acid and potassium fluoride are 
not in large excess, usually two, and sometimes three, crops of 
the laminated salt are formed, but in time the long needles are 
almost sure to make their appearance. ‘These needles were 
tested for titanium, but no satisfactory evidence of its presence 
was obtained. 

When the solution is very concentrated large, thin plates sepa- 
rate from it. These do not give the reaction with gallotannic 
acid, but they react with zinc, hydrochloric acid, and potassium 
thiocyanate. This test for columbium compounds will be 
noticed later. Recrystallization does not give the laminated salt. 
The crystals are always found, and by no means in small 
quantity. With zinc and hydrochloric acid they give a greenish 
color which quickly becomes brown. ‘They were repeatedly 
recrystallized, then decomposed with sulphuric acid. The 
oxide obtained was white and at 19° C. had a specific gravity of 
4.57: 

The oxide was placed in a platinum retort connected with a 
platinum condenser ; hydrofluoric acid was poured over it and a 
free flame was applied. The volatile products were collected in 
water in a platinum dish. Several evaporations were necessary 
for the volatilization of thisoxide. The solution in the dish was 
then treated with a small quantity of potassium fluoride and 
concentrated. The same large, thin plates crystallized out. 
These crystals were very beautiful, being frequently over an 
inch in length and one-half inchin width. They were so trans- 
parent that often their presence in the dish was altogether 


unnoticed. 
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ANALYSIS. 
Substance taken. K,SO, found. Cb,0, found. 
gram. gram. gram. 
0.5000 0.5268 0.0059 


This analysis would indicate that the salt is probably acid 
potassium fluoride with a smalll quantity of the double fluoride 
of columbium, yet it must not be forgotten that the reactions 
given above cannot be regarded as conclusive evidence of the 
presence of columbium. 

Because of the brown color with zinc and hydrochloric acid 
these crystals were also tested for titanium. Its presence could 
not be detected. 

QUALITATIVE REACTIONS. 

Throughout this investigation the following questions con- 
stantly arose : How shall the purity of the columbium and tan- 
talum compounds be determined? When is columbium free 
from tantalum ? When is it free from titanium ? 

In the earlier work upon columbium we find Hermann describ- 
ing a new element which he obtained from the mother liquors of 
the columbium potassium fluoride. This element, he states, 
gave a dark brown solution when reduced with zinc and hydro- 
chloric acid, while the pure columbium compound gave a blue 
color. Both these solutions on standing in the air reverted to 
the white hydrate. Marignac replied that the brown color 
was not due to ilmenium but to titanium, a view which is now 
generally accepted. 

He also declares that a brown color is produced when the 
potassium columbium oxyfluoride is treated with zinc and 
hydrochloric acid, the acid being in considerable excess. Then 
by titrating with permanganate he found that an intermediate 
oxide had been formed, to which he gave the formula Cb,O,. 

Crystals of the columbium salt, prepared as described above, 
continued to give this brown solution even after they had been 
subjected to five or six recrystallizations. Following the plan 
of Kriiss and Nilson' the atomic value of the oxide contained in 
such crystals was determined by decomposing with sulphuric 
acid, weighing the pentoxide and the potassium sulphate, then 


1 Ber. d. chem. Ges., 20, 1676. 
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by the ratio 2K,SO,: Cb,O, determining the value for Cb’. 
This was found to be 85.7. Ironand manganese had been elimi- 
nated; titanium, therefore, was the probable cause of this low 
atomic value. The salt used was perfectly white, yielding a 
pure white oxide. The oxide was tested for titanium by the 
most delicate reactions known for the metal, but its presence 
could not be proved by any of them. 

I Color and Reduction Reaction. It has been found that the 
qualitative tests given in the various text-books for these three 
elements do not always hold good when the solution used is a 
double fluoride. As it isin this form that the separations are 
usually made, it has been thought advisable to note the action 
of some of the common reagents on these salts. 

Gallotannic acid, which is considered the most characteristic 
test for columbium salts, behaves differently with different double 
fluorides. An acid solution of the laminated salt gives almost 
instantly, a deep, brick-red precipitate. The salt crystallizing 
in long needles gives a lighter red precipitate which does not 
separate so rapidly. The large, thin, transparent plates previ- 
ously mentioned, give only a slight precipitate, and this is yel- 
iow in color. These reactions are most delicate if the salt be 
dissolved in water, a drop of hydrochloric acid added, then a 
little gallotannic acid dissolved inalcohol. After standing several 
hours all the precipitates assume the same color—a dark, 
brick red. 

Tantalum double fluoride gives a sulphur yellow color with 
gallotannic acid. This, however, on standing becomes brick 
red, as the columbium does. 

Titanium compounds are said to give a brownish color with 
gallotannic acid which changes quickly to an orange red. The 
potassium titanium fluoride gave a straw yellow color with this 
reagent ; in time a flaky precipitate forms, but the color does 
not materially alter. 

The following color reaction serves for the detection of very 
small quantities of columbium, and is applicable to any soluble 
columbium compound. An excess of potassium thiocyanate 
is added to a small quantity of the dissolved substance ; then 
some pieces of zinc followed by strong hydrochloric acid. At 
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once the solution becomes a bright golden brown, which if much 
columbium be present may be almost red. A brisk and contin- 
ued evolution of the gas does not alter this tint which is also 
stable for more than twenty-four hours in the acid solution. 
Neither titanium nor tantalum give any reaction with potassium 
thiocyanate under the above conditions. 

Hyposulphurous acid, H,SO,, gives noteworthy color reac- 
tions with these salts. The tests were conducted in the follow- 
ing manner: A few cubic centimeters of a concentrated solution 
of sulphur dioxide were placed ina test tube provided with a 
cork, and granulated zinc was added. The liquid changed to a 
greenish color, and hydrogen was liberated. As soon as the 
evolution of the gas had ceased the solution containing the 
hyposulphurous acid was poured into the salt solution to be 
tested. 

A solution of titanium double fluoride gave an orange yellow 
color at once. The oxide when treated in like manner became 
yellow. 

Columbium double fluoride gave no color, but a white hydrate 
was soon precipitated. Columbic oxide gave a slight yellow 
tinge. 

Tantalum double fluoride gave no coior, but after standing a 
white precipitate separated. Tantalic oxide remained colorless 
when treated with hyposulphurous acid. 

The white precipitates from the tantalum and columbium 
salts were probably hydrates due to the oxidation of the acid 
and its consequent action upon these salts. 

Zine and hydrochloric acid gave no reaction with the double 
fluoride of tantalum. With titanium a clear, delicate green was 
obtained. The columbium salts always gave a color with these 
reagents. The solution is at first dark blue, then a greenish 
brown, and finally a dark brown. Frequently a brown precipi- 
tate separates which on standing becomes white. 

The hydrochloric acid solution of columbic oxide, and also 
the potassium columbium fluoride, were tested with hydrogen 
peroxide, this being accepted as one of the most delicate 


reagents for titanium. No yellow color in either case was 
obtained. 
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2. Reactions with Wet Reagents. A number of the ordinary 
reagents have been tried with these salts, the results being given 
in the following table. The reactions for the greater number 
are very different when the metal tested is as double fluoride. 
The ferrocyanides, in particular, have quite abandoned their 
ordinary colors with these compounds. 





| 
| 


2KF. CbOF;.H,O.| 2 KF.TaF,. | 2EP, Ti Fj. 
Lead acetate. White precipitate. White precipitate. | White precipitate. 
Mercuric chloride.|/Slight precipitate | 
in 24 hours. Yellowish green|)Yellowish green 


Mercurous nitrate Yellow precipitate| precipitate. | _ precipitate. 
orneny soluble 
Potassium chro-|White precipitate, | laces 
mate. soluble in H,O. | 
Party soluble in | 


Potassium bichro-| Kz: CrO, solution Precipitate after 


mare standing. 7 et 
Potassium ouakeil White precipitate|White precipitate. White precipitate. 
on boiling. 

Potassium ferro-|CTee® blue precip- y ellow precipitate) 
cyanide. itate on boiling.| on boiling. 

Potassium thiocy-| White precipitate. IW hite precipitate, 

soluble in the 

cold. Comes 

ar down by boiling. Me 

Potassium iodide.|White, granularwhite granular No precipitate, 


Precipitate on 
| boiling. 


anate. | 


precipitate. Io- precipitate. but iodine is lib- 
: ; dine is liberated ; erated. 
Disodium hydro- Vhite precipitate|White precipitate. 
gen phosphate. after standing. 
Silver nitrate. White precipitate 


after standing. 


Mer : -..|White precipitate. White precipitate.| White precipitate. 
Sodium bisulphite I I Slight clondiness. |Precipitate. 


Sodium pyrophos- 
phate. | aes 
Hy pophosphorous| ‘ee 





acid. 

Sodium metaphos-| 
phate. | 

Potassium bro- White precipitate. | 
mide. | | 


Slight cloudiness. | 





Disodium “ drogen phosphate, when added to titanium double 
fluoride, precipitates the titanium completely. The filtrate 
tested with ammonium hydroxide gave noprecipitate. Columbium 
double fluoride, on the contrary, is not affected by this reagent. 
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After boiling a long time in a platinum dish a few white flocks 
were observed in the solution, but in such small quantity that 
they were disregarded. Whether this behavior may or may not 
be made the basis of a separation of these two elements is not 
yet determined, because of the difficulty in getting rid of the 
phosphoric acid. Fusion with sodium carbonate, extraction 
with water, and subsequent precipitation by sulphuric acid 
gives a mixture of sodium salt and columbic oxide. Some 
columbium remains in solution. Fusion with potassium acid 
sulphate is more satisfactory, yet is not complete. 

DEPORTMENT OF TANTALUM, COLUMBIUM AND TITANIUM 

DOUBLE FLUORIDES TOWARD THE ELECTRIC CURRENT. 

1. A solution of potassium columbium double fluoride, 
2KF. CbOF,. H,O, in water, was treated with a small amount 
of sodium acetate. The precipitate formed was dissolved in 
acetic acid, and through this solution a current of one ampere, 
obtained from athermopile, was conducted for five hours. A 
white precipitate, seemingly a hydrate, was formed. On break- 
ing the current this rapidily went into solution. 

2. (a) A solution of the salt in water was subjected to the 
same current for eight hours. Almost immediately the bottom 
of the platinum dish was covered with a blue deposit. This 
gradually spread over the whole surface exposed to the action 
of the current, and became in a short time iridescent. As the 
deposit increased, the deep blue tint changed to more of a gray, 
and remained so until the current was broken. It was washed 
quickly with water, then with alcohol, and it was dried on the 
hand. 

0.1315 gram of the salt was taken ; the deposit weighed 0.0282 
gram. This metallic looking substance did not alter in the air, 
but on subjecting it toa red heat, a white, shining, apparently 
crystalline compound resulted. It was readily soluble in hydro- 


fluoric acid. 

(6) A second experiment, with 0.2195 gram of the substance, 
gave under the same conditions, a deposit weighing 0.0388 
gram. This when ignited in the air burned to a white oxide 
weighing 0.0312 gram. The blue compound is in all proba- 
bility, a lower hydrated oxide of columbium. 
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3. The electrolysis of an aqueous solution of a sodium colum- 
bate gave a white, flucculent hydrate, not adherent to the dish. 
The precipitation was not complete. A current of one ampere 
was employed for a period of seven hours. 

4. With a much stronger current (two amperes), a solution 
of the double salt 2KF. CbOF,. H,O, gave first a white 
hydrate, then beneath the outer edge of the anode appeared a 
dark brown ring which gradually grew in toward the center of 
the dish, never reaching it however, but stopping when about 
half an inch in width. 

This brown substance was slightly adherent to the dish, but 
just as soon as the current was broken, and the liquid poured 
off, it reverted to the white hydrate. This change was so rapid 
that it was impossible to separate the brown from the white sub- 
stance. 

Thinking that this brown compound might be a contaminat- 
ing element, about one gram of the double salt was dissolved in 
water and electrolyzed until the brown ring had appeared. 
Then the liquid was poured into another dish as quickly as pos- 
sible, and the current run through again. The brown ring 
appeared as before, and was treated inthe same manner. After 
changing the dish four times only a trace of brown could be 
seen. When the remaining solution was evaporated it was 
found that almost the entire quantity of the columbium had 
been precipitated. The brown substance here formed resembles 
in its behavior that produced in a like solution by zinc and 
hydrochloric acid. 

The resistance of this solution is very high. 

5. Potassium tantalum fluoride in aqueous solution was sub- 
jected to the action of a current of two amperes for six hours. 
A small quantity of hydrate was found in the liquid and on the 
dish a very slight iridescent deposit mixed with some white 
hydrate. 

6. Potassium titanium fluoride was treated in the same man- 
ner as the previous salt. A small quantity of hydrate was found 
here, some of which adhered to the dish. The iridescent 


deposit, however, was wanting. 
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ACTION OF HYDROFLUORIC ACID UPON THE OXIDES OF TAN- 
TALUM, COLUMBIUM, TITANIUM, AND SILICON. 


The well known volatility of the oxides of tantalum and 
columbium when heated with hydrofluoric acid led to the hope 
that in this behavior might lie a separation from titanium and 
also from silica. 

Rose states that a very appreciable loss occurs when the first 
two oxides are treated as suggested, but he makes no attempt 
to separate them from the latter two. To this end one gram of 
the mixed oxides of tantalum and columbium was evaporated to 
dryness with hydrofluoric acid, the residue being heated over 
the free flame for a few minutes. By this treatment dense white 
vapors were driven off. Upon weighing the residual oxides 
they were found to equal 0.5464 gram. A second evaporation 
gave further loss, but as both columbium and tantalum contin- 
ued to remain, the method is without value. 

The separation of silica from these oxides can be accom- 
plished by the heat of an iron plate after evaporating to dryness 
on a water bath. The final heating must be carefully done, and 
the acid should not be in too great excess. 

I have never found it impossible to dissolve either the mixed 
or the pure oxide in hydrofluoric acid, even though strongly 
ignited. It is true, concentrated acid is necessary, and a little 
time is often required, but a perfect solution does take place. 

Tantalic oxide, containing columbic oxide, is far more soluble 
in hydrofluoric acid than the pure oxide. The same behavior 
has been observed with pure columbic oxide, though it is not so 
pronounced as with tantalic oxide. Titanium dioxide, ignited, 
is very difficultly soluble in this reagent, though columbic oxide, 
containing titanic oxide, went quickly into solution. 


DOUBLE FLUORIDES OF TANTALUM, COLUMBIUM, AND TITA- 
NIUM, WITH RUBIDIUM AND CESIUM. 


The potassium double fluorides of tantalum and columbium 
have been found of great service in separating these two metals. 
Marignac first showed that a separation could be effected 
through these salts, and he also demonstrated that the sodium 
and ammonium salts were inapplicable. 
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Of the potassium double fluorides of tantalum and columbium 
we possess considerable information. A number have been 
isolated and studied. The sodium salts crystallize so poorly 
that their history is not so well known. It seemed probable 
that rubidium and cesium would form double fluorides of definite 
crystalline character with these three metals. At least, a study 
of their behavior might be found instructive. Before taking up 
their preparation, however, the simple fluorides of rubidium and 
and cesium may be discussed. 

Rubidium Fluoride (RbF).—An examination of the literature 
on rubidium showed that its fluoride had not been prepared. In 
order to procure this, rubidium iodide was dissolved in water 
and moist silver oxide added to precipitate the iodine. The 
solution of rubidium hydrate resulting, was filtered off and 
evaporated in porcelain dishes. A very appreciable quantity of 
silver oxide was held in solution by the rubidium hydroxide, so 
that it was necessary to evaporate it almost to dryness, then to 
take it up in the smallest possible quantity of water and filter, 
This treatment may have to be repeated two or three times 
before the solution is perfectly colorless. When quite free from 
silver, the concentrated solution was made slightly acid with 
hydrofluoric acid, and evaporated. If hydrofluoric acid be 
present it is almost impossible to obtain crystals, a thick syrup 
being formed which defies all attempts in that direction. The 
solution is therefore evaporated with water several times until 
the excess of acid is expelled. The rubidium fluoride then 
crystallized in long, transparent plates. These were drained, 
and dried between filter paper. The salt was anhydrous. Con- 
version into sulphate by evaporating with sulphuric acid gave, 
from 0.5 gram of the salt, 0.5236 gram rubidium sulphate. This 
corresponds, therefore, to the formula RbF. 

Cestum Fluoride.—Cesium chloride was dissolved in water, 
and the chlorine precipitated by moist silver oxide. The solu- 
bility of the oxide of silver in cesium hydrate is even greater 
than in rubidium hydrate, therefore some difficulty was expe- 
rienced in obtaining a hydrate free from silver. It was finally 
accomplished by evaporating to dryness repeatedly, taking up 
the cesium hydrate in a very small quantity of water and filter- 
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The pure hydrate was then neutralized with hydro- 
A thick syrup was obtained, 
Upon heating in an air bath to 


ing it. 
fluoric acid and evaporated. 
which refused to crystallize. 
130° C., acrystalline mass formed, but it was alwaysin such asticky 
condition, and absorbed moisture so rapidly, that it could not 
be analyzed satisfactorily. This mass was dissolved in water 
and added to the solutions of the metals in hydrofluoric acid. 
Double Fluoride of Columbium and Rubidium.—One-half gram 
of columbic oxide was dissolved in hydrofluoric acid and the 
calculated quantity of rubidium fluoride added. The solution 
was evaporated ona water bath to expel the excess of acid. 
The residue was taken up in hot water and allowed to crystal- 


lizespontaneously. White microscopic plates separated. These 


were filtered off, dried between filter paper, and analyzed. Two- 
tenths gram of the dry salt gave 
Calculated for 
Found. 2RbDF.CbFs. Difference. 
Ch,O, -----002- oe seeee* 0.0670 0.0673 —0.0003 
RDF ...ccccee cece eoeess 0.1048 0.1049 —0O.0001 


The formula of the salt is therefore, 2RbF.CbF,, correspond- 


ing to the tantalum salt usually obtained with potassium 


fluoride. 
The filtrate from this first crop of crystals was slightly con- 


centrated, when small, shining, or even iridescent crystals, 
apparently plates, separated. Upon standing a short time these 
changed over into crystals like those first mentioned. This salt 
is very soluble in water containing hydrofluoric acid, and also 
in pure water. It is insoluble in alcohol. 

Double Fluoride of Rubidium and Tantalum.—Rubidium 
fluoride in slight excess was added to tantalic oxide dissolved in 
hydrofluoric acid. Small white needles crystallized out. An 
excess of acid must be present, otherwise heat decomposes the 
double salt, giving a fine, white, insoluble compound, as is the 
case with the potassium salt. 

Analysis of two-tenths gram gave 


Calculated for 


Found. 2RbF.TaFs. Difference. 
Ta,O, ++ +++ +e se eee eee 0.0915 0.0913 +0.0002 
RE < cssis's ses Nea. sieteiale 0.0861 0.0859 +0.0002 


Double Fluoride of Titanium and Rubidium.—The preparation 
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of this salt was conducted as described with preceding salts. 
The crystals here were also microscopic needles. Some diffi- 
culty was at first experienced in completely drying the salt, but 
this was overcome by several recrystallizations from pure water, 
when an anhydrous product was obtained. One-tenth gram of 
the salt gave on analysis 


Calculated for 


Found. 2RbE.TIF,. Difference 
Gram. Gram. 
VIG. s aseincasiosases 0.0238 0.0240 —0.0002 
RE cesccce'seviclovie 0.0622 0.0626 —0.0004 


Double Fluoride of Tantalum and Cesium'.—This double salt 
was formed by the addition of a solution of the cesium hydrate 
in hydrofluoric acid to a solution of tantalic oxide in hydrofluoric 
acid. Very beautiful white needles separated, which were not 
easily soluble in water, and were not decomposed by recrystalli- 
zation from pure water. The aqueous solution may be evapo- 
rated on a water-bath with perfect safety, this being appar- 
ently much more stable than either the potassium or rubidium 
salt. 

The crystals were dried in the air, then heated to 125° C. in 
an air-bath. No loss in weight was observed. 0.25 gram gave 
on analysis 


Calculated for 


Found. I5CsF.TaFs. Difference. 
Ta,O, «+++ +++. +e++ 0.0212 0.0217 -—0.0005 
CSF. eee cece ee eee 0.2232 0.2228 —0.0004 


The formula deduced from the analytical data varies widely 
from that generally followed by tantalum double fluorides. 
Neither is it in accordance with Remsen’s law for the double 
halides’ though it will be observed that its fluorine content bears 
a simple ratio to the fluorine in combination with the tantalum. 

Double Fluoride of Columbium and Cesium.—This double salt 
was formed in the manner described for the preparation of the 
cesium tantalum fluoride. It is very soluble in water contain- 
ing hydrofluoric acid, and in pure water, from which it crystal- 
lizes in needles. These when pure are anhydrous. Boiling 


1 This and all the other cesium double fluorides are being subjected, at this writing, 


to further study in this laboratory. EDGAR F. SMITH, 


2 Am. Chem. J., 2, 291. 
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with pure water does not decompose the salt. Analysis of two- 
tenths gram gave the following result : 


Calculated for 


Found. 7CSF.CbFs. Difference. 
Ch,O, «++ eeeeeeeeees 0.0216 0.0213 +0.0003 
CSF... .eeeeeeeeeeee 0.1694 0.1698 —0.0004 


This salt, which appearsto be 7CsF.CbF,, is even more erratic 
in its constitution than the tantalum cesium compound. There 
is apparently no relation here between the fluoride in combination 
with the columbium and the number of molecules of cesium 
fluoride present. 

Double Fluoride of Titanium and Cesium.—This salt separates 
in very small shining crystals when cesium fluoride is added to 
a rather concentrated solution of titanic oxide in hydrofluoric 
acid. Itis more readily soluble in water than the tantalum 
cesium compound, and is not decomposed by pure water. The 
air dried crystals showed no loss in weight after heating for 
some time at 125°C. Ananalysisof 0.25 gram gave the follow- 
ing amounts of titanic oxide and cesium fluoride : 


Calculated for 


Found, 4CsF.TiF,. Difference. 
TiO, + +s eeeeeeeeeees 0,0269 0.0271 +0.0002 
CsF...-.. se eeereeeee 0.2071 0.2076 —0.0005 


The figures point to the formula 4CsF.TiF,. This is a 
departure from the usual titanium double fluorides, and agrees 
with the law laid down by Remsen for these salts. 

When we consider the atomic masses of tantaluin, columbium, 
and titanium, the first 182, the second 94, and the third 48, and 
also consider the quantities of cesium fluoride which unite 
with a molecule of each of the metallic fluorides, we find that | 
with tantalum the quantity (fifteen) is nearly twice that with 
columbium (seven) and the latter almost double that (four) 
uniting with titanium, just as 182 is about twice 94, and 94 
nearly twice 48. 

These new cesium compounds tend to confirm the conclu- 
sions drawn by Wells and others' from their work on the cesium 
double halides. The compounds investigated by these chemists : 
show that the cesium double halides are not wholly conformable 


to Remsen’s law. 
1 Am. J. Sct., 47. 
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The method of analysis pursued for the determination of these 
double salts is, briefly, as follows : 

The dry substance was decomposed in a platinum crucible by 
a few drops of concentrated sulphuric acid. The hydrofluoric 
acid was driven off, and the excess of sulphuric acid was then 
expelled on a sand-bath. The temperature must be just suffi- 
cient to drive off the acid. The metallic oxide was obtained 
from the sulphate by long boiling witha large quantity of water. 
It was then filtered, washed about twenty times with boiling 
water, ignited, and weighed. The filtrate, containing the alka- 
line sulphate, was evaporated, the excess of acid neutralized 
with ammonium carbonate, and the solution then evaporated to 
dryness on a water-bath A saturated solution of ammonium 
carbonate was added, and the mixture evaporated again to dry- 
ness. The ammonium salts were expelled by careful heating. 
Constant weight can generally be obtained after two or three 
evaporations with ammonium carbonate. The rubidium sul- 
phate decrepitates on heating, which necessitated great care 
while expelling ammonium salts, and also rendered the method 
proposed by Kriiss (heating in a stream of ammonia gas), 
untrustworthy. The alkalies were then weighed as normal sul- 
phate, and the cesium or rubidium content calculated. This 
method, while slow, has been found very satisfactory for these 
rare alkalies. 

PRODUCTS OBTAINED ON HEATING THE OXIDES OF TANTALUM 
AND COLUMBIUM WITH PHOSPHORUS PENTACHLORIDE. 

One-half gram of columbic oxide was heated with phosphorus 
pentachloride, the quantity being calculated from the following 
equation : 

Cb,O, + 5PCl, = 2CbCl, + 5POCI,. 

The experiment was conducted in a sealed tube from which 
all air had been expelled, the temperature being maintained at 
180°-200° C., for seven hours. The resulting mass was moist, 
and a dirty green. The tube was opened, connected quickly 
with a small test tube, and then heated in an air-bath. A small 
quantity of liquid distilled into the front part of the tube. This 
was a yellowish green, and gave with water a white precipitate, 
apparently a hydrated columbic oxide. 
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Ata higher temperature, about 200° C., yellow vapors col- 
lected in the cool portion of the tube. These settled on the 
glass as yellow, oily drops, and on cooling solidified, long yel- 
low needles being detected here and there. Nearly all of the 
substance in the tube, however, remained as the greenish mass, 
which had become dry. No change was observed on heating 
above 360° C. Thetube was then wrapped in copper gauze and 
heated with a Bunsen lamp. The green substance swelled up, 
became white, iridescent, and almost filled the tube. No green 
color remained. Analysis of this compound showed it to be 
columbium oxychloride, CbOCI,. The long yellow needles 
which had been observed in the front part of the tube changed 
gradually on heating, and became white and iridescent like the 
remainder of the substance. 

This behavior indicated the formation of a pentachloride, 
which was then changed to oxychloride by the small quantity of 
air which entered the tube when it was connected with the 
receiver. 

A second tube, heated for eight hours at 230°-235° C., gave a 
dark yellow, semi-fluid mass. Great care was taken in this 
experiment to exclude all traces of moisture, and the distillation 
was conducted under reduced pressure. Phosphorus oxychlo- 
ride in considerable quantity distilled over, leaving in the tube 
a yellow crystalline substance, which, on treating with water, 
decomposed with hissing and an evolution of hydrochloric acid 
gas. This compound was analyzed according to the method 
of Marignac.' The ignited oxide weighed 0.5642 gram. As 
only one-half gram of columbic oxide was used in the experi- 
ment, the contaminating substance was sought, and was found 
to be phosphorus. ‘Two fusions with bisulphate were necessary 
for the extraction of this element. Phosphoric acid was also 
found in the filtrate from the pentoxide. 

The question now arose regarding the position of this phos- 
phorus: Is there a compound formed containing columbium, 
phosphorus, and chlorine, or is the phosphorus content due to 
an incomplete expulsion of the excess of phosphorus pentachlo- 
ride ? 


1 Ann. chim, phys.., 8, 5. 

















COLUMBIUM AND TANTALUM. 3 


Another experiment was therefore tried under the following 
conditions : One-half gram columbium pentoxide was heated 
with the calculated quantity of phosphorus pentachloride at a 
temperature not exceeding 210° C. for eight hours. The tube 
contained a yellow mass as before. It was placedin an air-bath 
and connected with a chlorine generator, the receiver having 
been previously filled with chlorine. At 190° C. a very volatile 
substance collected in the front part of the receiver. This was 
a lemon yellow, and when analyzed gave 15.85 per cent. col- 
umbium and 6.095 per cent. phosphorus. 

At 190°-200° C., long yellow needles collected ; some of these 
were nearly half an inch in length. Analysis gave 27.37 per 
cent. columbium and 32.19 per cent. phosphorus. 

The substance which did not volatilize at 200° C. was brown- 
ish-yellow, and apparently crystalline. Analysis gave 28.11 per 
cent. columbium, and 1.34 per cent. phosphorus. 

In none of these analyses could the chlorine content be deter- 
mined, because of the violence with which water acts upon the 
compounds, resulting invariably inthe loss of some hydrochloric 
acid. 

It seemed probable that the brownish-yellow residue in the 
tube was columbium pentachloride, enclosing a small quantity 
of phosphorus pentachloride. To determine all three elements, 
the following method was used : 

The more volatile compounds having been removed by distil- 
lation in a stream of chlorine gas the residual substance was 
quickly weighed and thrown into a dilute solution of silver 
nitrate. The precipitate of silver chloride, silver phosphate, and 
hydrated columbic oxide was then filtered, and washed on the 
filter with dilute nitric acid. The phosphoric acid obtained was 
determined by a magnesium mixture. Dilute ammonium 
hydroxide was then poured over the mixture of silver chloride and 
columbic oxide. It was found that all the silver salt could not 
be removed by this means. The mixture was therefore trans- 
ferred to a porcelain crucible and reduced in a stream of hydro- 
gen gas, the metallic silver being dissolved out with dilute nitric 
acid, then precipitated as chloride. The columbium remained 
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inthe form of a violet compound, which on ignition in the air 
went over to pentoxide. 

A small quantity of phosphorus was obtained, which was cal- 
culated into pentachloride and deducted from the material taken. 

Rose states that a columbate of silver, Cb,O,.Ag,O, is formed 
on the addition of silver nitrate to a solution of sodium colum- 
bate. As, upon the addition of water to columbium pentachlo- 
ride, an almost perfect solution is produced for a few moments, 
the columbium in solution may combine with the silver. In 
such a case the silver chloride finally weighed would represent 
both the silver in combination with chlorine and that with 
columbium. 

The analytical results are as follows : 

Substance taken = 0.8917 gram. 
Phosphorus found = 0.02596 gram. 
This, as phosphorus pentachloride, requires 0.14829 gram of 
chlorine. 
Substance taken minus PC], = 0.7175 gram. 
Columbium found = 0.2485 gram. 
Columbium required = 0.2484 gram. 
Chlorine found = v.66509 gram. 

Taking from this 0.14829 gram of chlorine, which is in com- 
bination with phosphorus, we have chlorine = 0.5168 gram ; 
columbium pentachloride requires 0.4691 gram. Calculating 
the quantity of silver which, according to Rose’s formula, would 
combine with the amount of columbium oxide found, and deduct- 
ing the chlorine corresponding to it, 0.4699 gram of chlorine 
is found to be in combination with the columbium. 

The volatile compounds mentioned above were recalculated 
into phosphorus pentachloride and columbium pentachloride. 
It was found that by removing the phosphorus as pentachloride 
satisfactory analyses for columbium pentachloride were obtained 
from the residues. 

Tantalic oxide was also heated with phosphorus pentachloride, 
the same conditions being maintained as in the columbium 
experiments. A yellow mass was formed lighter in color than 
the columbium compound, and only slightly moist. The tube 
was placed in an air-bath and distilled at a temperature not 
exceeding 245° C. This distillation was conducted under 
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reduced pressure. A small quantity of phosphorus oxychloride 
distilled over, and in the front part of the tube a little phos- 
phorus pentachloride collected. he tantalum compound 
remaining was light yellow, dry, and powdery—apparently 
amorphous. It combined with water with hissing, liberating 
tantalic oxide, which contained no pnosphorus. A small quan- 
tity of this element was found in the filtrate from the oxide. It 
was calculated into phosphorus pentachloride, and deducted 
from the total quantity. 
Weight of substance taken = 0.6700 gram. 
Weight of tantalum found = 0.3389 gram. 
Required tantalum = 0.3391 gram. 
Tantalum pentachloride is, therefore, formed when tantalic 
oxide is heated with phosphorus as pentachloride. 
REDUCTION OF THE COMPOUNDS OF COLUMBIUM AND TAN- 
TALUM TO METAL. 


Twoexperiments aiming at the preparation of columbium and 
tantalum in the metallic state have been tried during this re- 
search, and I regret exceedingly that the lack oftime has prevented 
a more careful study of the reactions obtained. It is my inten- 
tion to go more deeply into the subject than I have been able 
to do. 

Experiment rz. An iron cylinder, three inches in diameter, 
having an inch bore, was charged in the following manner: 
First, a layer of dry salt, than a layer of metallic sodium, above 
which were placed about seven grams of potassium tantalum 
fluoride, this being followed by another layer of sodium. The 
cylinder was then tightly packed with dry salt, and a heavy lid 
screwed on. It was then placed in a wind furnace, the temper- 
ature of which was comparatively low. In less than one-half 
hour it was found that the cylinder had melted down, and no 
trace of the charge could be found. 

Experiment 2, Marignac obtained an alloy of columbium and 
aluminum by heating the potassium double fluoride with alum- 
inum scales in a carbon crucible. In the experiment to be de- 
scribed columbic oxide was used, salt and cryolite being em- 
ployed as a flux. The following layers were placed in a graphite 
crucible : 
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1. Salt. 

2. Cryolite. 

3. Aluminum clippings. 
4. Columbic oxide. 

5. Aluminum clippings. 
6. Cryolite. 

7. Salt. 


The proportions of these substances used were : 
2 parts Cb,O;. 
10 parts cryolite. 
I5 parts aluminum. 
x parts sodium chloride. 

The graphite lid was firmly luted on with fire-clay, the cruci- 
ble was buried in a wind furnace which was kept at a white 
heat for eight hours. At the end of this time it was found that 
the graphite crucible had been severely attacked. It was re- 
duced to a shapeless mass, but on breaking, a powdery substance 
was found, in which were contained many little metailic buttons 
varying in size from a large pea to those of microscopic propor- 
tions. These were carefully picked out, and various reagents 
tried upon them. 

Single acids do not attack them. Aqua regia makes a slight 
impression on long heating. Fusion with bisulphate affords only 
a partial decomposition. The substance is exceedingly light, it 
is dark gray, and does not alter in the air. A partial oxidation 
occurs after prolonged heating in the air. The substance is not 
brittle. 

SUMMARY. 


1. The decomposition of columbite is more readily and satis- 
factorily accomplished by the Gibbs than by the bisulphate 
method. ‘This method is also more valuable for the preparation 
of large quantities of pure oxides. 

2. The qualitative reactions of columbium, tantalum and 
titanium when existing as double fluorides are not the same as 
when the metals exist as tantalates, columbates and titanates. 

3. The action of the electric current upon tantalum and colum- 
bium double fluorides gives a lower hydrated oxide. The pre- 
cipitation is not complete. 

4. It was hoped that in preparing the double fluorides of 
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columbium, tantalum and titanium with rubidium and cesium 
a difference in solubility of the salts would be found which would 
afford a better separation of these metallic oxides under discus- 
sion. This hope has not been realized. 

5. Heating the oxides of columbium and tantalum in sealed 
and vacuous tubes with phosphorus pentachloride yields the 
pentachlorides of these metals and phosphorus oxychloride. 

I take pleasure in acknowledging the kindness shown, and 
the interest taken in the preceeding work by Dr. Edgar F. Smith, 
of this University, in whose laboratory it was carried out. 


UNIVERSITY OF PENNSYLVANIA, 
JUNE, 1895. 


AN IMPROVED GAS PIPETTE FOR THE ABSORPTION OF 
ILLUMINANTS. 
By AUGUSTUS H. GILL. 
Received October 12, 1895. 

N the use of the apparatus for this purpose ordinarily furnished 
| by the dealers, difficulty has always been experienced in 
sucking the gas back from the pipette, owing to the moist beads 
and the glass wool entrapping some bubbles. 

To obviate this, the writer has, 
for the past two years, made use of 
the modification shown atone-fourth 
sizeinthesketch. Theround bulb a 
filled with beads and glass wool in 
the usual form, is replaced by a 
cylindrical one about two inches 
long and an inch and a quarter in 
diameter, filled with tubes stand- 
ing vertically, after the manner of 
the Orsat pipettes. The surface 
presented is nearly the same and 
no trapping of the gas can take 














place. 

The stand is the one already de- 
scribed,’ and the whole apparatus 
may be obtained of the Ziegeler 
Electric Co., of Boston. 

1 Gill: Am. Chem, /., 14, 231. 






































THE COLORING-MATTER OF NATURAL WATERS, ITS 
SOURCE, COPIPOSITION AND QUANTITATIVE 
MEASURE/SIENT. 


By ELLEN H. RICHARDS AND J. W. ELLMS. 


Received August 31, 1895 

O deeply seated in the mind of the average citizen is the 

S prejudice against the amber-colored water of the most of 

the New England streams that it is only when reinforced by 

scientific authority that water boards and city councils are able 
to make any impression upon it. 

It is only by actually filling up the well or by taking out the 
pump, that any Board of Health can prevent the use of a clear, 
cold, colorless, highly polluted well-water, no matter how abun- 
dant and free the tepid, turbid brown water supplied from the 
tap. 

Color seems to have been associated in the popular mind with 
all sorts of hidden dangers. There lingers yet in memory the 
echoes of stories told to childish ears of the agonies suffered by 
those deluded persons who, in spite of the warning of their 
elders, persisted in drinking from wayside brooks and thus 
unwittingly swallowed what grew to be living monsters within 
them. 

While there must be some ground for so strong and universal 
a feeling of danger, experience has certainly shown that a brown 
water from a farefully protected water-shed, when properly 
stored, yields a perfectly wholesome as well as most available 
and abundant source of supply. 

It is said that the water from the Dismal Swamp is sought 
for by sailing vessels to take for three year cruises and many 
other brown waters have shown excellent keeping qualities after 
being stored for a time in clean basins to allow of the sedimen- 
tation of the extraneous matter which may have been carried 
along by streams. 

The source of brown color in natural surface waters is to be 
found in the decaying elm, maple, oak, and other leaves which 
carpet the hillsides and swamps each autumn, and in the surface 
soil, which everywhere, and particularly in the lowlands, is 
rich in peaty or ‘‘ humus’’ matter. 
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The chlorophy1 derivatives, glucoses, and glucosides dissolve 
out of the fallen leaves in the early autumn, giving a light vel- 
low color to the brooks, but after soaking all winter, mostly 
under the ice and snow, the leaves yield to the warm spring 
rains a rich deep brown liquid which is exactly what Thoreau, 
with poetic instinct, called it, namely ‘‘ meadow tea.’’ It is at 
least as harmless as Japan tea. The coloring-matter in both 
cases is due to the slow carbonizing of the leaf and the forma- 
tion of soluble compounds rich in carbon. 

The variation in the depth of color of brown surface water at 
different seasons of the year, is well shown in chart 1. The 
color curve plotted for basin 4 of the Boston Water Works, in 
Ashland, for a year, shows the steady rise in color from January 
to June, and thena falling off toward the latter part of the year. 
This is a typical, unpolluted surface water. Taunton river, on 
the other hand, receives drainage from a variety of sources as 
well as from the neighboring swamps, and shows greater fluctua- 
tions. 

When any organic substance as wood, leaves, and the like, is 
treated with strong sulphuric acid, a decomposition occurs more 
or less complete; and the result is, according to the strength of 
the acid and the temperature at which it is applied, either a 
mass of nearly pure carbon ora gummy substance soluble in 
water with the production of a deep brown-colored solution. 
When sugar is gently heated it parts with a portion of the 
elements of water, becoming richer in carbon as the process is 
pushed farther. The result is a brown substance known as 
‘‘caromel’’ soluble in water; there also may be produced 
various less soluble compounds, depending on the temperature 
used, which have been at times called caramelane, caramelin, 
and caramelene.' 

But the most instructive instance of the production of this 
characteristic brown substance is, perhaps, in the case of the 
well known colorimetric determination of carbon in steel. By 
using Stead’s alkali method, a soluble brown color is obtained 
which compares very closely with the color of the dark brown 
waters under consideration. Whether an estimation of the 


1 Peligot, Ann. chim., phys. [2], 67, 172, Vodlckel, Ann. Chem. (Liebig), 85,59: Mau- 
mené, Compt. rend., 39, 422; Graham, /. Chem, Soc., 15, 258. 
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actual quantity of carbon in these coloring-matters can be made, 
is yet to be determined. 

The color in solutions from all these sources may be removed 
with milk of alumina, may be precipitated by barium hydroxide, 
and in all cases the solutions are decolorized by the action of 
potassium permanganate, indicating the complete oxidation of 
the color-giving compound of carbon. All are comparable in 
color when matched in tubes or read in the tintometer to be 
described. 

These facts all indicate that this brown color is imparted to 
aqueous solutions by the same compound of carbon or by closely 
related compounds. 

In the coloring-matter of surface waters there are, most prob- 
ably, several complex substances, among them tannins, gluco- 
sides, and their derivatives, out of which it seems almost hope- 
less to attempt to isolate any one which may be said to be the 
substance under consideration. Some of these decomposition- 
products contain iron and it has been suggested that the color- 
giving compounds may result from the breaking up of chloro- 
phyl.' That iron is not essential to the formation of the color is 
shown by the fact that the brown color may be given by a solu- 
tion of caramel made from pure sugar, and that iron may be ab- 
sent from the carbon color obtained from steel, but it is true that 
a very small quantity of iron does, as a rule, accompany the 
brown color of natural waters. 

Since any colored natural water gives a certain proportion of 
albuminoid, ammonia, increasing as the color increases, it would 
seem that the color compound might contain nitrogen. The 
following are results of experiments tried some years ago : 


Color. Albuminoid ammonia 
(1) Peat solution .........eeeeee eccces 2.0 0.0516 
(2) Fresh leaf solution ..-....-...e. «- 0.8 0.0494 
(3) Second extract of same leaf ......-. 0.8 0.0174 
(4) An old leaf repeatedly extracted 
with water ..--- Peswnedsde ee daaeRe 0.9 0.0072 


It will be seen in the two leaf solutions (2 and 3) with the 
same color of eight-tenths there is a reduction of 64.7 per cent. 
in the nitrogen and that with a color of one-tenth more in the 


1F. S. Hollis, Report of the Boston Water Board, 1892. 
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old leaf solution (4) there is 85.4 per cent. less nitrogen than in 
the fresh leaf solution (2). While it is possible that the color 
giving compound or compounds contain nitrogen as an essential 
constituent, it is evident that a large diminution in the nitro- 
gen does not produce a corresponding lessening of the color. 

The following figures show the carbon, hydrogen, and nitro- 
gen contained in (1) the residue of Boston tap water, (2) a very 
dark-colored water from Cedar Swamp, Westboro, and (3) 
humic acid extracted from soil. 


Carbon. Hydrogen. Nitrogen. 
Boston tap water! ....- +++ ee. 30.71 5.96 7.68 
Cedar Swamp water’ ........+..- 43-72 3-92 4.82 
Humic acid*® «..-ccccoes eee eeceee 50.4 4.8 3.6 


No attempt has been made. by us to give a more definite for- 
mula for these apparently highly carbonaceous compounds since so 
little seems to be known of the reactions attending the gradual 
carbonization of such organic substances. It is probable that 
one of the compounds may be what is known to the agricultural 
chemist as humic acid orhumus matter. Berthelot finds a close 
relation between this substance prepared from peat and from 
sugar, only the latter is free from nitrogen. 

QUANTITATIVE MEASUREMENT. 

Formerly the brown color of water was supposed to be a bar 
to its use for domestic purposes and analysts sought for some 
standard of comparison by which to set a limit of allowable 
color. One of the early methods was by the determination of 
the quantity of oxygen consumed or absorbed from potassium 
permanganate, either hot or cold in acid or alkaline solution. 
If the substance which gave the brown color had a known com- 
position so that any given percentage of oxygen consumed could 
be said to correspond to a definite quantity of the carbonaceous 
compound, this might be a valuable standard. The fact is, 
however, that at present the results are often misleading, since a 
highly polluted water may give much lower results than a dark 
brown water which by years of use has been shown to be per- 
fectly wholesome. 


1H. T. Gallup, Thesis, Mass. Inst. Tech., 1894. 
2 Berthelot : Compt. rend., 569, 7892. 
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Since not all carbon compounds are affected by this treatment 
and since the organic matter in solution is probably made up of 
several substances having quite different composition it is not 
surprising that we have thus far failed to establish a definite 
relation between the quantity of organic matter present and the 
oxygen given up to it by the potassium permanganate. Ina 
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general way, a rise in color is followed by a rise in the oxygen 
consumed, as is shown by the diagram on chart II. 

As soon as the fact was recognized that fixed standards could 
not be rigidly applied to all waters from all sources, and that a 
certain quantity of albuminoid ammonia invariably accompanied 
the brown color of perfectly wholesome water and somewhat in 
proportion to the color,’ it became of importance to be able to 
estimate the relative depth of color in waters. For this some 
standard was of course required. Various substances have been 
proposed from time to time, such as solutions of caramel, and 
metallic solutions’ of various kinds. Largely on account of its 
convenience as being always in use in the laboratory and 
because the colors matched easily, the method orginally sug- 
gested by Prof. A. R. Leeds,* namely, the use of the nesslerized 
ammonia stundards, was at first adopted in the Laboratory for 
Water Analysis of the Institute of Technology. 

It occurred to one of us* to prepare considerable quantities of 
water of the various depths of color most frequently met with in 
ordinary routine work, and to use these as standards of compari- 
son, of course based upon the ammonia standards made with a 
Nessler solution which gave a sufficiently brown tint. An addi- 
tional advantage to that of having them ready at a moment’s 
notice was that the colors were identical and no mental effort 
was necessary to eliminate the slight differences in tint which 
almost of necessity occurs when two substances of unlike com- 
position are compared. 

Natural water standards when so prepared fade in time like 
the caramel solutions, even when carefully covered from the 
light, and, although sterilized at first, the bottles cannot remain 
so when opened for daily use, so that a freshly standardized set 
is required as often as once in six months. It is well known 
that the Nesslerized ammonia standards vary considerably as 
prepared in different laboratories because of the different meth- 
ods of making up the Nessler solution, and it was very desirable 


1T. M. Drown: The Interpretation of Analyses, Mass. State Board of Health Report 
1890, p. 566. 

2 Crookes, Odling & Tidy: Chem. News, 43, 174; Hazen: Am. Chem. /., 14, 300. 

8 Proceedings Am. Chem. Soc., 2, 8. 

4 Mrs. E. H. Richards, Mass. State Board of Health Report, 1890, p. 532. 
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to find some standards of absolute quantitative value, which 
could be applied anywhere, and which would give comparable 
results. 

Many chemists have found the metallic standard of platinum 
and cobalt satisfactory for tests for the working of filters and where 
only low colors are dealt with ; but for the wide range of colors 
met with in our work, some 500 numbers from 0.01 to 5.00 
we canuot match two such different combinations of colors with 
any degree of accuracy in the higher portions of the scale. 

The reason is evident, and it is equally patent in all forms of 
color measurement; ‘‘ for color is not a simple physical quan- 
tity like weight of temperature, but a physiological effect which 
varies with individual peculiarities and bears no very simple 
relation to the physical causes which produce it.’’’ 

The constituents of the resulting matched colors also may be 
very different and one may vary more than the other under 
varying conditions of light, depth of column, and density. 

There is a wide field for experiment in the physics of color- 
measurement in solution and which in view of the increasing 
use of such methods in quantitative determinations is of extreme 
importance to clremists. Without going into detail on this 
point, one instance may be cited. It has been observed in 
matching Nessler standards that the readings are exact only 
within certain limits; for instance, colors higher than those 
given by four cc. of standard ammonia, 0.00001 gram in one cc. 
observed in a column of nine inches in depth, are very difficult 
to compare, and as the quantity of ammonia increases the color 
becomes more and more red until the point of precipitation is 
reached. That is, the normal eye is more sensitive to certain 
shades of colors than to others and there is a limit to the depth 
of color which can be correctly estimated. Also, while one 
solution may appear redder than another in a deep column it 
may appear less red in another of a less depth. For example, a 
natural water standard of color, 5.0 on the Nessler scale con- 
tains only 0.0005 per cent. dissolved organic matter. A solu- 
tion of carbon from steel, prepared by Stead’s’ method, is 


1H. R. Proctor: ’. Soc. Chem. Ind., 14, 2. 
2 J. Iron and Steel Inst., 1883, p. 213; also Blair’s Iron Analysis, p. 170. 
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strongly alkaline and contains twenty per cent. dissolved salts. 
A solution of caramel is nearly the same in character as the 
water, and strongly acid solution of platinum and cobalt con- 
tains two-tenths per cent. of salts. If these solutions are 
matched as nearly as bossible by the eye in nine-inch tubes and 
then the tintometer readings are taken, it is found that the ratio 
of orange to excess of yellow in the water standard is as one to 
1.21, or the color is yellow orange. 

The ratio in the solution of the carbon from steel is one to 
1.38, or a slightly yellower orange ; the ratio in the caramel is 
one to 1.42, while inthe platinum cobalt it is one to 1.6, or a de- 
cidedly yellow orange. 

It will be evident therefore, why an optical instrument of pre- 
cision which promised to furnish a universal standard applica- 
ble anywhere, was eagerly welcomed. 

The tintometer devised by Joseph W. Lovibond, of Salisbury, 
England, was examined by Dr. T. M. Drown in the inventors 
laboratory, and an instrument was imported for the use of the 
State Board of Health. 

It consists of two tubes side by side with openings at one end 
and divided by a central taper partition terminating with a knife 
edge at the eye piece, which it divides equally in such a way 
that on looking through the eye piece the two openings are sim- 
ultaneously visible. The liquid is placed in cells of definite 
lengths, one inch, two inches, up to twenty-four inches. The 
standards consist of three sets of graded colored glasses, red, 
yellow and blue, numbered according to their depth of color. 

‘‘ By using several superimposed glasses from a set, a depth of 
color is represented by the aggregate of tint number on the glasses 
used, whilst glasses from different sets produce a composite color, 
and the exact proportion of each component color can be read 
off.’’ : 

The use of the Lovibond instrument in our hands has been 
confined first, to the determination of the color scale which has 
been in use for the past eight years in the laboratory for water 
analysis of the Institute of Technology, and by which the num- 
bers found in the reports of the Mass. State Board of Health, in 
the tabulated result of 15,000 samples, have been obtained ; and 
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secondly, to a color comparison of some other substances 
in order to find some standard by which a quantitative estima- 
tion of the carbon present may be made. 

The natural water color standards are prepared by dilution of 
a highly colored surface water with distilled water. At certain 
points in the scale the dilution is such that when the colors are 
read in 50 cc. tubes they match Nesslerized ammonia (0.01 mg. 
ammonia per cc.) standards read in the same volume and depth 
(23.5 cm.). The points in the scale at which this matching is 
made are at 0.2, 0.5, 1.3, 1.8 and 2.0. 

Above the color standard of 2.0 the scale is prepared by dilu- 
tion of the highly colored water in such a manner as to have the 
quantity of color proportionate to the depth in which the reading 
is made. For example, a color of 4.0 is prepared so that when 
read in one-half the usual depth, (2. e., 11.75 cm.) it matches a 
color of 2.0 read in the full depth (23.5 cm.). 

From the color 0.00 (distilled water) up to 0.2, and for the 
intervals between the points matched against the Nesslerized 
ammonia standards, the gradation is made by the eye. 

The standard colors to be measured by the tintometer were 
prepared in this way, and were read in four different lengths of 
cell. Colors from 0.00 in the scale to 0.3 inclusive, were read in 
a twenty-four inch cell, from 0.3 to 1.5 in a six inch cell, from 
1.5 to 4.0 in a two-inch cell, and from 4.0 upwards in a one inch 
cell. This method permitted the readings for the ‘‘ standard 
yellow glasses’’ to be kept within 4.0 of the tintometric scale. 
This is desirable for the reason that the eye is liable to be less 
sensitive in reading above 4.0 of the ‘‘ yellow standard glasses’’ 
than below that limit. 

The following condensed table (No. 1.) gives the readings of 
the laboratory standards. The measurements are tabulated for 
convenience in units of yellow, red and blue of the tintometric 
scale. It must be understood, however, that the color transmitted 
to the eye when red and yellow glasses alone are used, and when 
the number of units of yellow exceed those of the red, is orange 
mixed with yellow. If yellow and blue glasses are used together, 
the color transmitted is violet with a mixture of blue or yellow, 
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as the case may be, depending upon the preponderance of one or 
the other of those colors. A neutral tint unit is obtained by a 
combination of three equal color units. Therefore, if the three 
colors are used, black or a decrement of normal white light is 
obtained. 

TABLE NO. 1. 


READINGS OF THE TINTOMETER ‘‘ STANDARD GLASSES’? FOR YELLOW, 
RED AND BLUE, WITH DIFFERENT LENGTHS OF CELLS USED. 








Natural ‘ : : : 
water z z z z 
standard © i J i) : x) 2 fe 
color 3 % 3 ce) 3 (6 eC z 
scale. >» ~ @ > 4 ~ ™ al % 
o°%* 0.00 0.40 1.00 
~o Vv 
Hass 0.0 . 
ol nf) 5 0.90 0.20 
BO Ue¢ 0.10 1.20 0.10 
BoSxT2 0.15 1.90 0.32 
$Seze 0.20 2.40 0.84 
Suen a 
8% 0.30 3.50 1.05 0.80 0.30 
so 
Vv 
5a 0.40 I.IO 0.42 
gn 0.50 1.35 0.58 
a22 . 0.60 1.60 0.66 
a7es a 2 
858% 0-70 1.85 0.80 
Geog 0.90 2.40 1.10 
aes 1:00 2.80 1.25 
So I.20 3.20 1.55 
58 +30 3-50 1.70 
37 1.50 3-90 1.85 1.20 0.60 
gf 
eee? . 1.80 1.35 0.70 
a8 54 2.00 1.50 0.80 
S52 ne 2.50 1.95 1.00 
9. Fae 3.00 2.50 1.20 
255 4.00 3-20 1.60 1.60 0.80 
ofo 
eo 
3” 
$0 co e 
oc Po SE 
"SEE 5.00 1.95 1.00 
Bos ge 
333-7 
OLD 
UFO 


If the color sensations were transmitted uniformly, then hav- 
ing obtained a reading ina given length of cell for a color of 0.2 
a color of 0.6 would give three times as much yellow and three 
times as much red, and a color of 1.8 would give nine times as 
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much yellow and nine times as much red, but as a matter of fact 
the actual reading shows sixteen times as much yellow and 
eight and two-tenths times as much red. 

The following table will show this more distinctly : 


READING OF 0.2 COLOR IN TWENTY-FOUR INCH CELL =2.40 YELLOW, 0.80 


RED. 
Calculated readings. Observed readings. 
Yellow. Red. Yellow. Red. 
Color ---+-.es06- oe- 0.6 7.20 +240 7.60 2.40 
0). sw eiecatemiorerecterente 1.0 11.00 4.00 15.53 3-65 
CO eases paren eons 1.8 22.80 7.20 38.49 6.60 


Therefore, in the case of a higher color a shorter length of 
cell is used, so that the readings may be always made with 
lighter colored glasses. 

The second table (No. 2) represents the differences for each 
tenth of color in the natural water standard scale, beginning 
with 0.00 and running to 5.0, as measured by the tintometer 
‘*standard glasses’’ for both yellow and red. In one column 
is shown the estimated difference for yellow and red, if the 
increase in any section were proportional to the numerical 
increase of the natural water standard scale. The basis for cal- 
culation is arbitrary for each section. (The section here is the 
division made by reading in the different lengths of cell.) The 
basis of calculation for the first section (twenty-four inch cell) 
is the color standard (0.1) which reads yellow 1.20, red 0.10. 
For the six inch cell the color 0.3 which reads yellow 0.80, red 
0.30. For the two inch cell, the color 0.5 which reads yellow 
1.20, red 0.60, and for the one inch cell, the color 4.0 which reads 
yellow 1.6, red 0.80. It will be seen that the estimated and 
observed differences agree quite well and indicate a regular 
increment of color as the scale ascends. 

Considering the fact that we have had the instrument in our 
hands for a few months only and that we have been able to give 
to it only the odds and ends of time which a full daily routine 
left at our disposal, and therefore, that we cannot claim to have 
as yet perfectly trained eyes, the results are very encouraging, 
especially as in the case under consideration, we have to deal 
with a mixture of very impure colors. 
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FOR EACH TENTH OF COLOR IN THE NATURAL WATER 
STANDARD SCALE. 


Natural 

water 

stand- 

ard 

color 
scale. 
0.00 
0.10 
0.20 
0.30 


cell 


water 
measured 





Color of 
inch 


0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
I.0O0 
I.Io 
I.20 
1.30 
1.40 
1.50 
1.60 
1.70 


1.80 








in six inch cell, 


sured in a one inch 
cell, 


Yellow. 


0.80 
1.20 
1.10 
0.30 
0.25 
0.25 
0.25 
0.275 \ 
0.275 f OSS 
0.30 
0.25 ) 
0.25 § 
0.30 
0.20 } 
0.20 f 
0.05 
0.05 70.15 
0.05 
0.075 | 
0.075 J 
0.09 } 
0.09 | 
0.09 + 0.45 
0.09 
0.09 
O.II 
pad 
EI 


| 
| 
rl 
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0.50 


0.40 


0.15 


- 0.55 


oO 

oO 

oO 

O.II 
0.07 
0.07 
0.07 
0.07 
oO 
oO 
+e) 
oO 


~ 


-0.70 


Red. Estimated difference. 


Yellow = 1.20 
0.74 Red == 0.10 
0.21 
0.12 
0.16 
0.08 
O.I4 
0.15 ) 
oO. 7 j -_ , 
sic: Yellow = 0.27 
0.15 
= Red = 0.10 
0.15 ) 
~ 70.30 
os} 
0.15 
0.075 \ 
0.075 | 
0.033 ) 
0.033 > 0.010 
0.033 J 
0.05 ) 
0.05 J 
0.04 } 
0.04 | Red 
0.04 } 0.20 
0.04 | 
0.04 } 
0.04 | 
0.04 i 
0.04 | 
0.04 | 
0.04 } 
} 


0.015 


0.10 
Yellow = 0.08 
= 0.04 


0.20 


0.04 
0.04 
0.04 
0.04 
0.04 + 0.40 
0.04 | 
0.04 

0.04 | 
0.04 
0.04 J 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 


+ 0.20 Yellow = 0.04 
Red = 0.02 
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Table No. 1 will at least serve as a rapid method for the 
standardizing of the stock bottles of natural waters, as the 
observer’s eye becomes trained and more knowledge is obtained 
of the conditions which influence readings, a more perfect scale 
may be constructed. 

The direct use of the instrument with the construction of a 
chart for each water, is evidently out of the question where, 
as in our laboratory, the color must be determined on twenty 
or thirty samples a day. 

A modification of the tintometer has been proposed by H. R. 
Proctor, Yorkshire College, Leeds, England.' 

This is designed to bring the color patches into juxtaposition 
as is done in the comparison of two spectra instead of having the 
separating dark band in the center. We have not been able to 
try this instrument, but it promises to be an improvement. 

{[ CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U. S. DEPART- 
MENT OF AGRICULTURE, NO. 15.] 
ON THE ESTIMATION OF LEVULOSE IN HONEYS AND 
OTHER SUBSTANCES. 
By H. W. WILEY. 
Received September 30, 1895. 

SIMPLE optical method for the estimation of levulose is 
A of great advantage in the examination of honeys and other 
substances containing that body. The following optical method 
is one of easy application when the analyst has access to the 
jacketed observation tube, which will be mentioned below. 

The principle of the process rests upon the change in the 
specific rotary power of levulose at different temperatures. 
The change in the optical rotation of other bodies associated 
with levulose in the condition of the experiments to be 
described is so little as to affect the data obtained to a very 
slight degree. The process, as it has been worked out, is easily 
applied and gives results which it is believed are better than 
those obtained by any other method. 

The Observation Tube.—The most important adjunct of a 
mechanical nature in the process is an observation tube which 


1 J. Chem. Soc. Ind., 14, 2, 1895 
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will permit of the polarimetric reading of a solution containing 
levulose at widely separated temperatures. The two tempera- 
tures adopted for experimental purposes are zero and 88°. ‘The 
observation tube which was devised for the purpose is so con- 
structed as to permit of its being surrounded entirely by a tem- 
perature control medium, either water or ice. Even the cover 
glasses of the tube devised are subjected to the temperature of 
the medium. The whole column of liquid under observation 
can in this way be brought to the same temperature, thus not only 
securing more accurate results, but removing the difficulties in 
the way of reading, produced by the refraction of light in pass- 
ing through liquid media of different densities. The observa- 
tion tube employed can be made either of glass or metal. The 
glass tube changes less in length on changing temperatures, but 
the metal tube is more sensitive and can be brought with its 
contents more quickly to a definite temperature. A tube, especi- 
ally constructed for the purpose and made ot silver, is particularly 
convenient in the observation of solutions which have been 
inverted by the action of hydrochloric acid. When metal tubes 
are used the continuous kind is employed, permitting the dis- 
placement of one solution by another without the removal of the 
tube from its position. The length of the tube at ordinary tem- 
perature having been determined, correction is made for linear 
expansion or contraction at the temperature of observation. At 
low temperatures it is impossible to use an observation tube of 
ordinary construction on account of the deposition of moisture 
upon the cover glasses. This difficulty is entirely overcome 
by attaching to the ends of the observation tube, by means of a 
threaded screw, a tube made of hard rubber carrying a central 
axis of perforated brass of the same dimensions as the diameter 
of the observation tube outside of which are placed fragments 
of calcium chloride. The end of the tube is covered air-tight 
with an ordinary cover glass. Being screwed air-tight upon the 
observation tube, the calcium chloride at once absorbs all the 
moisture within the hard rubber cylinder and thus completely 
protects the cover glass from the deposition of water. Pro- 
tected in this waythe observation tube can be kept for hours at 
the temperature of zero, without any possibility of obscuring the 
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field of vision from deposited moisture. The construction ofthe 
protecting tube, together with the method of its attachments to 
the observation tube, is shown in the figure. 





FIG. 1.—APPARATUS FOR POLARIZING LIQUIDS AT LOW TEMPERATURES. 


For reading at low temperatures, especially at zero, the 
observation tube is held in a large metal receptacle coated on the 
outside with asbestos cloth and having a J-shaped slit above. A 
special stand is made for holding this apparatus to which 
is also fixed the optical parts of a double compensating Schmidt 
& Haensch half shadow polariscope. The construction of the 
stand and of the holder for the observation tube is shown in the 
figure, in which, however, the Y-shaped slit is pushed down to 
one side in order that the photograph may show the position 
of the observation tube within. In practice the V-shaped slit is 
kept at the top and the observation tube is entirely surrounded 
by finely ground ice, an opening in the bottom permitting the 
water to escape as the ice melts. 

The details of the construction of the observation tube are 
shown in a horizontal section through the center of the observa- 
tion tube in Fig. 2. In this figure the observation tube, made of 
glass or metal, is represented by z, and the metal jacket, open at 
the top in the ¥ shape asdescribed, by &. The observation tube 
is closed by the heavy disk 4, made of non-polarizing glass. 
This disk is pressed against the end of the observation tube by 
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the rubber washer a when the drying system about to be 
described is screwed onto. The apparatus for keeping the 
cover glass dry is contained in the hard rubber tube m, and con- 
sists of a perforated cylinder of brass, ¢, supported at one end by 
the perforated metal disk cand at the outerend by the arm d. It 
is closed by a cover glass of non-polarizing glass s and can be 
screwed on to the system 4 at”. The space fis filled with 
coarse fragments of caustic soda, or potash, or calcium chloride 
by removing the cover glass s. The perforated disk ¢ prevents 
any of the fragments from entering the axis of observation. 
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FIG. 2.—DETAILS OF OBSERVATION TUBE. 


When the cover glass s is replaced, it just touches the free end 
of the perforated metal tube preventing any of the fragments of 
the drying material from falling into the center at the outer end. 
When this drying tube is placed in position, the contents of the 
observation tube z can be kept at the temperatures of zero for an 
indefinite time, without the deposition of a particle of moisture 
either upon the glass 4 or s. 

For observation at high temperatures, the apparatus described 
above may be used or it may be removed from the stand, which 
is so constructed as to receive a large box covered with as- 
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bestos felt an inch thick. The observation tube is held within 
this box in the same way as in the one just described so that 
the hot water extends not only the entire length of the tube but 
also covers the cover glasses. In both cases the cover glasses 
are made of heavier glass and are much larger in diameter than 
are the ordinary tubes for polariscopes. The protecting cylin- 
ders of hard rubber are not needed at high temperatures, but 
can be left on without detriment. 

The illustration, Fig. 3, shows the arrangement of the appara- 
tus with a silver tube, which can be filled and emptied without 


removing it, in position. 
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FIG. 3.—POLARISCOPE FOR LEVULOSE AT HIGH TEMPERATURES. 


In practice the water is heated with a jet of steam and an 
even temperature is secured by a mechanical stirrer, kept slowly 
in motion. With sucha box itis easy to keep a temperature for 
several hours which will not vary more than halfa degree. The 
temperature for reading the hot solutions is fixed at 88°, this 
being the one at which a mixture of equal molecules of 
levulose and dextrose is optically inactive. In every case the 
sugar solutions are made up to the standard volume at the 
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temperatures at which they are to be read, and thus the varia- 
tions due to expansion or contraction are avoided. When 
solutions are to be read at a high temperature, they must be 
made with freshly boiled water so as to avoid the evolution of 
air bubbles which may otherwise obscure the field of vision. 

By means of the apparatus described it is easy for the analyst 
to make a polarimetric reading at any temperature desired. In 
all cases the observation tube should be left at least half an hour 
and sometimes longer, in contact with the temperature control 
medium before the reading is made. In the case of reading at 
zero it is also found that it requires several hours for a levu- 
lose solution containing other bodies, such as are found in 
honey, to reach a constant rotatory power, It is therefore 
necessary, in such cases, to leave the observation tube in contact 
with finely powdered ice for at least three hours before the read- 
ing is made. For ordinary analytical operations, however, this 
long delay is unnecessary. 

The appearance of the field of vision is usually a pretty fair 
index of the point of time at which a constant temperature is 
established throughout all parts of the system. Any variation 
in temperature produces a distortion of the field of vision, while 
a constant fixed temperature will disclose the field of vision in 
its true shape and distinctness of outline. 

The chief points of novelty in the apparatus described are, first, 
the immersion of the whole of the observation tube together 
with the cover glasses in the temperature medium used ; and 
second, the protection of the external surfaces of the cover 
glasses from the deposition of moisture at low temperatures. 


PRINCIPLES OF THE CALCULATION. 


If 26.048 grams of pure sucrose be dissolved in water and the 
volume made up to 100 cc. it will produce an angular rotation 
of 34.68° when examined in a 200 mm. tube with polarized 
sodium monochromatic light. Upon the cane sugar scale of an 
accurately graduated Schmidt and Haensch shadow instrument 
the reading will be 100 divisions, corresponding to 100 per cent. 
of pure sucrose. 
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In the complete inversion of the cane sugar the reaction which 

takes place is represented by the following formula : 
— + 
C,H,.0,, + H,O = C.H..0,+ C.H..0.. 

The minus and plus signs indicate that the resulting invert 
sugar is a mixture of equal parts of levulose (/ fructose) and 
dextrose (d glucose). We are not concerned here with the fact 
that a complete inversion of cane sugar is a matter of great diffi- 
culty nor with the danger which is always experienced of 
destroying a part of one of the products of inversion. They are 
matters which may cause a variation in the analytical data after- 
ward, but do not affect the principles on which the process is 
based. 

In the inversion of 26.048 grams of cane sugar there are 
therefore produced 13.71 grams of levulose and 13.71 grams of 
dextrose, or in all 27.42 grams of the mixed sugars. 

The angular rotation which would be produced with sodium 
light, by 13.71 grams of dextrose in a volume of 100 cc. and 
through a column 200 mm. in length is 14.55°, equivalent to 
41.89 divisions of the cane sugar scale. The specific rotatory 
power of dextrose solution of the density given is almost exactly 
53, and this number is used in the calculations. 

Ina mixture of the two sugars under the conditions men- 
tioned and at a temperature of o°, the angular rotation observed 
is —15.15° equivalent to 43.37 divisions of the cane sugar scale. 

The + rotation due to the dextrose present is 14.53°. There- 
fore, the total negative rotation due to levulose at 0° is 15.15 + 
14.53 = 29.68°. The specific rotatory power, therefore, of levu- 
lose at o° and in the degree of concentration noted is readily 
calculated from the formula 

29.68 X 100 
2X £3.71 

Since at 88° the mixture of levulose and dextrose is neutral to 
polarized light, it follows that at that temperature the specific 


rotatory power of levulose is equal to that of dextrose, viz. - 53°. 


88° r 
—(4} »)=—Ss: 


—(a),= = 108.24. 
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The total variation in the specific rotatory power of levulose, 
between zero and 88°, is 108.24—53=55.24°. ‘The variation for 
each degree of temperature, therefore, of the specific rotatory 
power of levulose is equal to 55.24 divided by 88, which is equal to 
0.628°. From these data it is easy to calculate the specific rotatory 
power of levulose for any given temperature. For instance, let 
it be required to determine the specific rotatory power of levu- 
lose at a temperature of 20°. It will be found equal to 108.24— 
0.628 X 20 = 95.68". 

In these calculations the influence of the presence of hydro- 
chloric acid upon the rotatory power of the levulose is neglected. 

Since the variation in angular rotation in the mixture at dif- 
ferent temperatues is due almost wholly to the change in this 
property of the levulose, it follows that the variation for each 
degree of temperature and each per cent. of levulose can be cal- 
culated. Careful experiments have shown that the variation in 
the rotatory power of levulose between o° and 88° is represented 
by a straight line. For 13.71 grams per 100 cc. the variation 
for each degree of temperature is equal to 43.37 + 88—= 0.49 
division on the cane sugar scale or 15.15 + 88 =0.1722° angu- 
lar measure. If 13.71 grams of levulose in 100 cc. produce the 
deviations mentioned for each degree of temperature, one gram 
would give the deviation obtained by the following calculations : 


For the cane sugar scale, 

0.49 = 13.71 = 0.0357° 

And for angular rotation, 

0.1722 + 13.71 = 0.01256". 

The above data afford a simple formula for calculating the 
percentage of levulose present from the variation observed in 
polarizing a solution containing levulose, provided that the quan- 
tity of levulose present is approximately fourteen grams per 
100 cc. 

Suppose in a given case the difference of reading between a 
solution containing an unknown quantity of levulose at o° and 
88° is equal to thirty divisions of the cane sugar scale. What 
weight of levulose is present ? We have already seen that one 
gram in 100 cc. produces a variation of 0.0357 division for 1°. 
For 88° this would amount to 3.1416 divisions. The total 
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weight of levulose present is therefore 30 + 3.1416 = 9.549 
grams. In the case given 26.048 grams of honey were taken 
for the examination. The percentage of levulose was therefore 
9.549 > 26.048 = 36.66 per cent. 

If it be inconvenient to determine the polarimetric observa- 
tions at temperatures so widely separated as 0° and 88° the 
interval may be made less. In the above case if the readings 
had been made at 20° and 70° the total variation would have 
been only 50/88 of the one given, viz.: 17.05 divisions of the 
cane sugar scale. The calculation would then have proceeded 
as follows: 

0.0357 X 50= 1.785. 

Then 17.05 + 1.785 = 9.552 grams of levulose, from which 
the actual percentage of levulose can be calculated as above. 

For honeys the operation is to be conducted as follows : 

Since honeys contain approximately twenty per cent. of water 
and in the dry substance have approximately forty-five per cent. 
of levulose, about 38.50 grams of the honey should be taken to 
get approximately 13.8 grams of levulose. 

In the actual determination the calculations may be based on 
the factors above noted, but without respect to the degree of con- 
centration. If only half the quantity of dextrose noted be pres- 
ent its specific rotatory power is only reduced to 52.75° and this 
will make but little difference in the results. In the case of 
honey only 13.024 grams of the sample are used in the exam- 
ination, half the normal weight for the Ventzke sugar scale. 
The error however due to difference in concentration is quite 
compensated for by the ease of clarification and manipulation. 
Alumina cream alone is used in the clarification, thus avoid- 
ing the danger of disturbing the rotatory power of the solution 
due to the presence of an excess of lead acetate. 

An interesting fact is observed in cooling solutions of honey 
to o°. The maximum left-handed rotation is not reached as 
soon as the temperature reaches 0°, but only after it has been 
kept at that temperature for two or three hours. The line 
representing the changes in rotatory power, in solutions of honey 
between o° and 88°, is practically straight but from 10° to 0°, if 
measured by the readings taken without delay, it is decidedly 
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curved ; the reading being less at first than it really is after- 
wards. After three hours the o° becomes sensibly constant and 
then the whole line is nearly straight but still with a slight 
deficiency in the reading at the o°. For this reason the compu- 
tations should be based on readings between o° and 88° rather 
than on a number covering the whole range of temperature. 
Nevertheless, if the solution be kept at o° for three hours before 
the final reading is taken no error of any practical magnitude 
can be introduced. 

The calculations given above for the cane sugar scale can also 
be made in an exactly similar manner for angular rotation. 
The angular variation produced by one gram of levulose for 1° 
of temperature is 0.01256°. For 88° this would become 1.10528°. 
Suppose the total observed angular deviation in a given case 
between o° and 88° to be 10.404°. Then the weight of levulose 
present is 104.04 + 1.10529 = 9.413 grams. 

In the case mentioned 26.048 grams of honey were taken for 
the examination. The percentage of levulose present therefore 
was 0.413 + 26.048 + 36.13. 

GENERAL FORMULA FOR THE CALCULATION OF PERCENTAGE 
OF LEVULOSE. 

Let A = deviation in divisions of cane sugar scale or in angular 
rotation produced by one gram of levulose for 1° tem- 
perature. 

Let 7 and ¢’= temperatures at which observations are made. 

Let X= observed deviation in rotation. 

Let W= weight of levulose obtained. 

Let Z = per cent. of levulose required. 

R 
. . 

Then iB KT) W. 

In most genuine honeys the value of R between o° and 88° is 
approximately thirty divisions of the cane sugar scale or 10° 
angular measure for 26.048 gramis in 100 cc. read in a 200 mm. 
tube, or for 13.024 grams in 100 cc. read in a 400 mm. tube. 

The method of analysis outlined above has been applied in 
the examination of a large number of honeys with most satisfac- 
tory results. It can also be applied with equal facility to other 
substances containing levulose. 














NOTES ON A FEW PYRIDINE ALKYL IODIDES,' 


By ALBERT B. PRESCOTT. 


Received November 27, 1895, 
PYRIDINE METHYL IODIDE.” 

Preparation.—Of rectified pyridine, boiling at 116°-118° C., 
fifteen cc. are takenin a flask immersed incold water and carry- 
ing a reflux condenser, and twelve cc. methyl iodide added, in 
very small portions at first, when the reaction is violent _ Boil- 
ing is moderated by the rate of the addition. After standing 
half an hour, the resulting crystalline mass, light straw colored, 
is warmed on the water-bath without the condenser, and more 
methyl iodide very gradually added until, as a result, the odor 
of pyridine disappears. Any excess of methyl iodide is distilled 
off on the water-bath. The mass is now dissolved in sufficient 
warm absolute alcohol, from which it crystallizes on cooling, 
and the product recrystallized in the same way several times, 
until colorless crystals are obtained. Colorless crystals are 
sometimes obtained inthe second crystallization. From alcohol 
of ninety to ninety-five per cent. strength the crystallization is 
much less satisfactory. The mother liquids, on the addition of 
ether, yield a considerable precipitate of the product, and this 
can be crystallized from absolute alcohol. 

Properties.—The crystals are flat pencils, sometimes aggre- 
gated in rosettes. They are very soluble in water, soluble in 
alcohol, methyl alcohol, chloroform, acetone, and in glacial 
acetic acid; not soluble in ether, or benzene, or carbon disul- 
phide. The crystals are very slowly deliquescent, to a degree 
scarcely affecting weight after several hours exposure to the air. 
The melting point is 117° C. 

1 Read at the Springfield meeting of the American Association for the Advancement 
of Science, Aug. 30, 1895. : 

2 From the experimental work of Mr. P. T. Trowbridge. Anderson stated the addi 
tive reaction of pyridine with alkyl iodides in 1855. In making such an addition-product, 
asa means of distinguishing pyridine from its homologues in analysis, he took ethyl 
iodide, Ann. Chem. (Liebig), 94, 364. Hofmann resorted to pyridine in his study of the 
reaction of dihalogen substituted hydrocarbons with tertiary base, but not earlier, that 
I have been able to find.—/867: Proc. Roy. Soc., 11, 261. O. Lange, in 1885, in the course 
of work on the formation of picolines by Ladenburg’s method of transposition, gives 
some account of pyridine methiodide.—Ber. d. chem. Ges., 18, 3436. O. de Coninck, in 
1883, proposed the additive reactions with methyl iodide in contrast with those of ethyl 
iodide for distinction between pyridine derivatives and quinoline derivatives.—Bull. So« 


Chim, [2]. 40, 276. 
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PYRIDINE ETHYL IODIDE.' 

Preparation.—It has been directed to bring about the addition 
of ethyl iodide to pyridine by heating the mixture of the two in 
sealed tubes. ‘Trial was made of three ways, (1) by heating in 
sealed tubes at 120° C.; (2) by heating in pressure flasks at 
100° C. ; (3) by occasionally shaking in a flask at the temperature 
of the room. The last stated method gives much the best 
results. The ethyl iodide should be taken in a slight excess of 
the chemical proportion, and added all atonce. With consider- 
able quantities the heat of chemical action after a short time 
needs to be moderated by cooling, to prevent vaporization of the 
materials. The action is usually complete within two hours, 
the contents of the flask becoming solid. The crystalline mass 
is dissolved in enough warm absolute alcohol, and crystallized, 
more perfectly by the low temperature of a freezing mixture, 
recrystallizing until white. Addition of ether to the absolute 
alcoholic solution causes crystalline precipitation, and in this 
way the mother liquids may be made to yield final portions. 
Like addition of chloroform precipitates an oily mass. 

Properties.—The crystals are colorless plates, permanent or 
slightly deliquescent, soluble in water, alcohol, methyl alcohol, 
acetone, and glacial acetic acid, from which it crystallizes, and 
slightly soluble in ethyl acetate ; insoluble in ether, benzene, 
carbon disulphide, and in chloroform. ‘The melting point is 
90.5° C. 

PYRIDINE PROPYL IODIDE,” C,H,N.CH,CH,CH,I. 

Preparation.—Pyridine rectified to boil at 116.5°-118.5°, and 
normal propyl iodide distilling at 102° C., are taken in molecular 
proportions of the two, but with a slight excess of the iodide. 
The two are digested together under pressure in a sealed tube 
at 130° C., for an hour. On cooling the resulting yellowish 
mass is dissolved in warm absolute alcohol, from which plate- 
form crystals of the addition product separate on cooling. If 


1 From the experimental work of P. F. Trowbridge in this laboratory. T. Ander- 
son, 1855: Zrans. Roy. Soc. Edinb., 21, (4) 571; Ann. Chem. (Liebig), 94, 364. O. de 
Conick, 1883 ; Bull. Soc. Chim. [2], 40, 276. 

2 From the experimental studies of Mr. S. H. Baer. In Ladenburg’s account of the 
formation of propylpyridine hydriodide, by transposition of pyridine propyliodide 
(Ber. d. Chem. Ges., 17, 772) no description of the last named body is given. 
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not white it is to be recrystallized from the same solvent. Addi- 
tion of ether to the absolute alcohol solution throws it down ina 
crystalline precipitate. Like addition of chloroform separates it 
as an oil-like liquid. From alcohol of ninety-five per cent. it is 
precipitated as an oil by addition of ether. In analysis of 
the preparation, it gave for iodine 50.63 per cent. in comparison 
with 51.00 per cent. by calculation. 

Properties.—In colorless plate-form crystals, deliquescent, 
soluble in water, alcohol, amyl aicohol, ethyl acetate, and in 
benzene ; insoluble in ether and in chloroform. The melting- 
point is between 52° and 53° C. 

PYRIDINE ISOPROPYL IODIDE,’ C,H,N.(CH,),CHI. 

Preparation.—By the same method, and under the same con- 
ditions already given for the corresponding normal propyl com- 
pound, but using a greater excess of the alkyl iodide, namely 
about one and a half molecules of the isopropyl iodide (boiling 
at 89°-go° C.) to one molecule of pyridine. The product solidi- 
fies ina crystalline mass while in the sealed tube, more readily and 
completely than the product of normal propyl iodide and pyridine, 
and it crystallizes more readily from absolute alcohol. In analy- 
sis, the iodine found was 50.64 and 50.50 per cent. in compari- 
son with 51.00 per cent. by calculation. 

Properties.—Colorless crystals, soluble in water, alcohol of 
ninety-five per cent., and in ethyl acetate: less freely soluble in 
absolute alcohol, amyl alcohol, or chloroform; insoluble in 
ether. The melting point is 114°-115° C. 

COMPARISON OF MELTING POINTS. 


As set forth below the addition compounds of the one 
base pyridine with different alkyl iodides, C,H,,,,I show 
a gradation of melting points, a gradation which appears 
among the homologous normal members of the series, and again 
appears between isomeric members. The solubilities of these 
addition compounds show a correspondence to their melting 
points, agreeing with the generalization of Carnelly.* Pyridine 

1 From the work of Mr.S. H. Baer inthis laboratory, Schrader (Inaug. Diss. at 
Kiel, 1884) obtained this quaternary iodide, by treatment at 100°C., as a yellow-white 
crystalline mass, convertable to the corresponding chloride (Ladenburg’s Handworter- 


buch, 9, 464. Ladenburg and Schrader, Ber. d. chem. Ges., 17, 1121.) 
2 Pril. Mae... | 13, 180; J. Chem. Soc., §3, 782 
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combination has heen resorted to for various characteristics dis- 
tinctive of alcohol radicals, by de Coninck, as cited in the 
beginning of this paper, and by Lippert’ in 1893. The iodides 
of these quaternary base give constants more distinctive of 
composition than to do the platinum chlorides, at least so far as 
melting points of the iodides are available. In tabulatiig the 
melting points of the pyridine alkyl iodides it appears that, com- 
paring homologous and again comparing isomers, the melting 
points of the addition products /a// as the boiling points of the free 
alkyliodides7zse.* The same reverse ratio appears among picoline 
alkyl iodides. On the contrary, comparing pyridine methyl 
iodide with picoline methyl iodide, the two tertiary bases being 
homologous and the alkyl iodides being the constant factor, it is 
found that the melting point of addition compound rises as 
the boiling point of the tertiary base rises, and in an extreme 


proportion. 
QUATERNARY BASE IODIDES. ye Pees 
With homologous alkyls : Bhuns 
Melting points. “ a= - 
Pyridine methyl iodide -.......+.-+++++-- . i 6 il 45° 
Pyaidine ethyl iodide ..... see eceeeceee ss 90.5° 7 fag 
Pyridine propyl iodide ........+...+-- ee. 52-53° 4 102° 
(Pyridine butyl iodide decomposes before 
melting® See OE re Oe RT ee 130°) 
a-Picoline methyl iodide ...--... ose 000+226,5-227° % 45° 
a-Picoline ethyl iodide; .---.- under...-.. 100° 7 72° 
With isomeric alkyls : 
Pyridine isopropyl iodide.........++.+++-- 114-1154 89° 
Pyridine propyl iodide ..... so ve eeeeeeees »  52-53°, 102° 
QUATERNARY BASE METALLIC CHLORIDES. 
(Pyrivine tertiary butyl salts are not 
formed )* ..-ccccscooe oe cece. seccecceee 100° 
Pyridine isobutyl platinum chloride ...... 200°" 119° 
A 4 gold chloride .......... . 139° 
1 Ann. Chem., (Liebig), 276, 182. 
2 This reverse ratio does not hold good between ethyl and isopropyl, in their pyri- 


dine iodo-products, the one being not the direct homologue, but the isomer of the homo- 
logue of the other, In 1882 Carnelly remarked of ‘‘ isomeric compounds” as shown by 
many instances, that their melting points follow a rule the reverse of that accepted for 
their boiling points, namely that ‘‘ those melt the highest in which there are the greatest 
number of side chains.”’ (Phil. Mag. (2), 13, 126). 

3 Trowbridge. 4 Baer. 5 Lippert: dun. Chem. (Liebig), 276, 182. 

6Ramsay: Phil. Mag. (5), 4, 241. Before the constitution of picoline was established. 
It is not necessary here to distinguish between isomeric picolines. 

7 Anderson : Ann .Chem., (Liebig), 94, 361. 
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woYU 
3 ab mY 
. : i eee 
Melting points. 25 53% 
Pyridine secondary butyl platinum chloride 191° 119° 
t gold chloride .........- 129°! 
Pyridine normal butyl platinum chloride .-. 205° ' 130° 
" ‘* gold chloride-.-+--.--+- 8 9 
le 5 dele ann ae The free ter- 
With homologous tertiary bases . dare baeae. 
Pyridine methyl iodide...........-.. aeewes E17? ? 116 
Picoline methyl iodide ....-......eee. + 226.5-227° ? 32-140° 
“ng rf - t ore, he e . Ter. Alk. 
Comparing two isomeric addition compounds : ACL PS 
Pyridine ethyl iodide, C;H;N.C,H;I = 
Cry NI «eee eee cece eee ee cece cece Vekaees eo.§°* 116 72 
Picoline methyl iodide, CH;.C;H,N.CH,I = 
OF sO) Gee errr 227 3 132° 45 


In the comparison last above, there are two quaternary base 
iodides having the same empirical formula, and having near the 
same mean of boiling points of the uniting constituents, while 
the difference between their quoted melting points is something 
surprising. Weshould expect, however, from anology with the 
previous comparisons, to find a double homologous difference in 
this case. The transfer of the homologous CH,, so to speak, 
from the alkyl of the compound /o the amine of the other com- 
pound, should exert a two-fold effect in raising the melting 
point. 

In a paper by Mr. Flintermann‘ and myself, some data are 
given in small part from our own work and more from the work 
of others, as to the limits of additive combination of isomeric 
alkyls with tertiary amines, especially with pyridine, in forma- 
tion of quarternary bases. It would seem desirable to compare 
these apparent limits of additive formation with the generaliza- 
tions of Carnelly and others upon the cohesion constants of 
isomers at large. Therewith these few facts of the melting 
points of pyridine quaternary bases are presented, though requir- 

1 Lippert: Ann. Chem. (Liebig), 276, 182. 

2 Trowbridge. 

3 Ramsay: Phil. Mag. (5), 4, 241. Before the constitution of picoline was estab- 


lished. It is not necessary here to distinguish between isomeric picolines. 
4 Dipyridene trimethylene dibromide, etc., this Journal, 18, 28, 
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ing more data, with the re-examination of figures of early 
data, asa part of the study of the chemical character of the 
nitrogen bases. ‘To the same end some work upon the hydrox- 
ides of these bases is nearly ready for presentation from this 
laboratory. And to the same end work is being continued upon 
the periodides,' and other superhalides, that these extreme addi- 
tive combinations may show something of the base-making power 
of nitrogen. 


UNIVERSITY OF MICHIGAN. 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVER- 
SITY OF CALIFORNIA. ] 
AN ELECTROLYTIC METHOD FOR THE DETERIIUNATION 
OF MERCURY IN CINNABAR. 


By W. B. RISING AND VICTOR LENHER. 


Received November 11, 1895. 

HEN a rapid solution of cinnabar is desired, heretofore, 
W oxidation with aqua regia has seemed most convenient ; 
the length of time required to expel the nitric acid used, and 
the likelihood of loss of mercury by distillation in hydrochloric 
acid, are serious hindrances to the use of this method. Hydro- 
bromic acid dissolves very readily mercuric sulphide, as well as 
many other naturally occurring sulphides with the evolution of 
hydrogen sulphide and the formation of the bromide. 

If this solution be nearly neutralized with caustic potash, pure 
potassium cyanide added in sufficient excess to dissolve the 
cyanide first precipitated (Smith, Electro-Chemical Analysis, p. 
58), and electrolyzed with a weak current, the mercury will be 
readily deposited as metal on a platinum dish used as a negative 
electrode. The use of hydrobromic acid is to be recommended, 
as it gives such a ready method of decomposition, and can be 
used at low temperatures, when there will be no loss of mercury 
by distillation. 

The hydrobromic acid used in the following experiments was 
prepared by treating potassium bromide with sulphuric acid of 
56° Baumé ; the gas was conducted into water, as in the prep- 
aration of hydrochloric acid. By using potassium bromide 


1 This Journal, 17, 775. 859. 
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with the above strength of acid, hydrobromic acid quite free 
from bromine, can be readily prepared. 

The ordinary hydrobromic acid used in the laboratory, con- 
taining bromine, could be used in the following experiments : 

The first sample which was worked with was pure mercuric 
sulphide. Hydrobromic acid of constant boiling point, 7. ¢., 
forty-nine per cent., was diluted with water one to four, and the 
sample treated with as little excess as possible over what would 
be necessary for its solution; the slight excess of acid was 
neutralized with potassium hydroxide, potassium cyanide added in 
excess and the solution electrolyzed by a current giving 0.025 
amperes N. D..,, 


The following results were obtained : 


Mercuric sulphide Mercuric found. Mercury. 
Gram. Gram. Per cent. 
0.2110 0.1818 86.16 
0.2058 0.1774 86.20 


The second sample was a naturally occurring cinnabar ; deter- 
mination (a) was made, using the decomposition by aqua regia, 
evaporating off the excess of nitric acid with hydrochloric, 
neutralizing the excess of hydrochloric acid with potassium 
hydroxide, adding potassium cyanide in excess and electrolyzing 
as before. (6) and (c) were treated with twenty per cent. hydro- 
bromic acid at the boiling temperature ; solution was effected in 
a few minutes, the excess of acid was neutralized by potassium 
hydroxide, potassium cyanide added in excess and electrolyzed 
with the same strength of current as before. 


Results were: 


Cinnabar. Mercury found. Mercury. 

Gyam. Gram. Per cent. 
(A) seeeees 0.2024 0.1046 51.68 
(b) seeee+ 0.2514 0.1299 51.67 
(C)ereeeeee 0.5135 0.2656 51.72 


The last sample was a lower grade cinnabar, very silicious, 
and long digestion with either hydrobromic acid or aqua regia was 
necessary. In this last experiment theaction ofthe hydrobromic 
acid was very much more rapid than that with aqua regia. The 
mercury was deposited from a cyanide solution as before. 

Results were, using hydrobromic acid as solvent : 
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Cinnabar. Mercury found. 
gram. gram. 
(Z) sc0cseersrceesee sevecoees - 0.2011 0.0616 
OD) wscsinaes'saienee C6 Kee eodeaea  OOeT 0.0622 
Using aqua regia as solvent : 
gram. gram. 
C'S CREE ER ere seee2 0.2030 0.0629 
(BD) sccrcvcccccees oaeedecsiceee 0.2030 0.0631 
NEW BOOKS. 


THE SCIENTIFIC FOUNDATIONS OF ANALYTICAL CHEMISTRY TREATED 
IN AN ELEMENTARY MANNER. BY WILHELM OSTWALD. TRANS- 
LATED BY GEORGE M’GowAN. xviii, 207 pp. 8vo. London and New 
York: Macmillan & Co. Price, $1.60. 

The little book before us undertakes, as its title indicates, a sci- 
entific presentation of the principles which underlie the physico- 
chemical phenomena upon which the art of analyses depends 
for the separation, detection and determination of the various , 
substances with which it deals. In this undertaking the electro- 
lytic dissociation theory ig freely made use of and with such 
success that a flood of light is let in upon many of the obscurer 
phenomena encountered in the ordinary course of analysis. 

The presentation of the subject iselementary inthe best sense, 
but little in the way of previous knowledge being assumed, 
while by the clearness of statement and logical order of ideas 
preserved throughout, the author has fairly deserved the right to 
be named with the great masters of scientific style, with Tyndall 
and with Hofmann. 

The theory and its applications are separately considered. 
Under the former head we find a discussion of the theory of the 
washing of precipitates and of the absorption phenomena 
which are of such importance in that process, further, of phys- 
ical methods of separation, such as distillation, of the law of 
mass action, of supersaturation and of many other topics, the 
treatment of all being condensed and full of suggestions to the 
thoughtful reader. 

In the special or applied part the analytical reactions of the 
metallic and acidic ions of the various analytical groups are 
taken up in detail, but briefly. ‘ 
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Lest it should be thought that this work is a piece of special 
pleading in behalf of the electrolytic dissociation theory, it is 
but just to the author to state that though written from the 
stand-point of that theory, the book is not doctrinaire, but is 
broad enough to be read with much interest by all chemists, 
whether they agree with the author’s special views or not. 

Much credit is due to Dr. M’Gowan for the smooth and 
scholarly translation now placed at the disposal of the English 
reading public, which annihilates the only excuse any English 
speaking chemist could offer for unfamiliarity with the most 
important work on the theory of analysis which has ever 
appeared. LAUNCELOT ANDREWS. 
PRACTICAL PROOFS OF CHEMICAL LAws. By VAUGHAN CORNISH. 

New York: Longmans, Green & Co. Price 75 Cents. 

This little work adopts a practical method for the explanation 
of ‘‘ Dalton’s Atomic Theory and the Laws of Combining Pro- 
portions.’’ The first chapter is devoted to statements of these 
laws, and is followed by a chapter on the use of the balance. 
These prepare the student for the subsequent six chapters, 
which are devoted to the experimental part, in each case pre- 
ceeded by a list of the necessary apparatus and followed by an 
example and an account of the original experiments, together 
with references to the original literature. The experiments are 
well chosen, calculated to give good results with simple and 
inexpensive reagents and apparatus. The arrangement is a 
time-saving one, and where time for laboratory work is very 
limited, as in higher schools, this fact will figure largely. 

HERMANN FLECK. 
ORGANIC CHEMISTRY. THE Fatry Compounps. By R. LLoyp 

WHITELEY, F.1.C., F.C.S. New York: Longmans, Green & Co. 1895. 

8vo. viii, 291 pp. Price, $1.00. 

The publication of this manual, strinkingly similar in purpose, 
arrangement and matter to the ‘* Organic Chemistry, Part I,’’ 
of Perkin and Kipping, issued last year, shows that the needs of 
elementary students of this department of chemistry are now 
recognized more generally than they have been heretofore, and 
indicates, perhaps, that the number of chemists, who feel able to 
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supply their needs, is increasing. Whether this latest effort to 
make a satisfactory text-book is successful, can be determined 
only by giving the book a trial. Without unnecessary detail, 
the author has furnished a clear presentation of the main facts 
and theories pertaining to the ‘‘ fatty compounds,”’ giving also 
directions for the preparation in the laboratory of many com- 
pounds, and methods for their identification. These directions 
are generally clear and accurate. 

The discussion of stereochemical theories is hardly full 
enough even for an elementary book, and the average student 
would probably find the chapters on the polyhydric alcohols and 
their derivatives more intelligible and interesting, if some of the 


methods recently employed for their synthesis and study, had 
been briefly explained. The book is attractively printed, and 
has a satisfactory index. L. B. HALL. 
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How to Disinfect: A guide to practical disinfection in every-day life, 
and during cases of infectious illness. By C. T. Kingzett, F.I.C., F.C.S. 
New York : The American and Continental ‘‘ Sanitas’’ Co., Ltd. Price 
ten cents. 

Elements of Modern Chemistry. By Charles Adolphe Wurtz. Fifth 
American edition. Revised and enlarged by Wm. H. Greene, M.D., and 
Harry F. Keller, Ph. D. Philadelphia: J. B. Lippincott Co. 808 pp. 
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